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QUICK REFERENCE GUIDE 



NMOS 8-BIT SINGLE-CHIP MICROCOMPUTER HD6801 SERIES 



Type No. 


HD6801S0 
HD6801S5 


HD6801V0 
HD6801V5 


HD6803 
HD6803-1 




Bus Timing (MHz) 


1.0/1.25 


1.0/1.25 


1.0/1.25 


LSI 


Supply Voltage (V) 


5.0 


5.0 


5.0 


Characteristics 


Operating Temperature * (°C) 


0~+70 


~+70 


0~+70 




Package + 


DP-40 


DP-40 


DP-40 




Memory 


ROM (k byte) 


2 


4 


- 




RAM (byte) 


128 


128 


128 




I/O Port 


29 


29 


13 




Interrupt 


External 


2 


2 


2 




Soft 


1 


1 


1 




Timer 


3 


3 


3 


Functions 


Serial 


1 


1 


1 




Timer 


• Free running counter 16-bit x1 

• Output compare register 16-bit x 1 

• Input capture register 16-bit x1 




SCI 


Full double step-stop type 




External Memory Expansion 


• Address/data non-multiple mode 
(256 bytes) 

• Address/data multiple mode 
(65k bytes) 


• Address/data 
multiple mode 
(65k bytes) 




Clock Pulse Generator 


Built-in (External clock useable) 




Built-in RAM Holding 


Yes (64 bytes) 


EPROM on the Package Type** 


HD68P01V07 
HD68P01V07-1 


HD68P01V07 
HD68P01V07-1 


- 


Compatibility 


MC6801 
MC6801-1 


- 


MC6803 
MC6803-1 



* Wide Temperature Range (-40 ~ +85°C) version is available. 
•* HD68P01M0 useable, 
t DP; Plastic DIP 



HITACHI 



QUICK REFERENCE GUIDE- 



• NMOS 8-BIT SINGLE-CHIP MICROCOMPUTER HD6805 SERIES 



Type No. 


HD6805S1 


HD6805S6* 


HD6805U1 






Clock Frequency (MHz) 


1.0 


1.0 


1.0 




LSI 
Characteristics 


Supply Voltage (V) 


5.25 


5.25 


5.25 




Operating Temperature *** ( C) 


0~+70 


0-+70 


0~+70 






Package + 


DP-28 


DP-28 


DP-40 






Memory 


ROM (k byte) 


1.1 


1.8 


2 






RAM (byte) 


64 


64 


96 






1 /a Port 


I/O Port 


20 


20 


20 


20 


32 


24 






Input Port 


- 


- 


8 






Output Port 


- 


- 


- 






Interrupt 


Nesting 


6 


6 


6 






External 


1 


1 


1 






Soft 


1 


1 


1 






Timer 


1 


1 


1 






Serial 


- 


- 


- 




Functions 


Timer 


• 8-bit timer with 7-bit prescaler 

• Event counter 




SCI 


- 


- 


- 






Clock Pulse Generator 


• Resistor 

• Crystal 




Low-voltage Automatic Reset (LVI) 


Yes 


Yes 


Yes 






Self-check Mode 


Available 


Available 


Available 






External Memory Expansion 


- 


- 


- 






Other Features 










EPROM on the Package Type 


- 


- 


HD68P05V07 




Compatibility 


MC6805P2 


MC6805P6 


- 





* Preliminary * * Under development 

***Wide Temperature Range (-40 ~ +85°C) version is available. 

t DP; Plastic DIP 
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QUICK REFERENCE GUIDE 





HD6805V1 


HD6805T2** 


HD6805Wr 




1.0 


1.0 


1.0 




5.25 


5.25 


5.25 




0~+70 


0~+70 


0~+70 




DP-40 


DP-28 


DP-40 




4 


2.5 


4 




96 


64 


96 




32 


24 


19 


19 


29 


23 




8 


- 


6 




_ 


- 


- 




6 


6 


12 




1 


1 


2 




1 


1 


1 




1 


1 


4 




- 


- 


- 




• 8-bit timer 
with 7-bit 
prescaler 

• Event counter 

• 8-bit 
comparator 




- 


- 


- 




• Crystal 




Yes 


Yes 


Yes 




Available 


Available 


Available 




- 


- 


- 






PLL logic 

forRF 

synthesizer 


• 8-bit x 
4-channel 
internal 

A/D converter 

• 8 bytes of 
standby RAM 




HD68P05V07 


- 


HD68P05W0* 






MC6805T2 


- 
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CMOS 8-BIT SINGLE-CHIP MICROCOMPUTER HD6301 SERIES 



Type No. 


HD6301V1 

HD63A01V1 

HD63B01V1 


HD6301X0 

HD63A01X0 

HD63B01X0 




Bus Timing (MHz) 


1.0(HD6301V1) 

1.5(HD63A01V1) 

2.0(HD63B01V1) 


1.0(HD6301X0) 
1.5(HD63A01X0) 
2.0 (HD63B01X0) 


LSI 

Characteristics 


Supply Voltage (V) 


5.0 


5.0 




Operating Temperature ***(°C) 


0~+70 


~ +70 




Package t 


DP-40, FP-54, CG-40 


DP-64S, FP-80 




Memory 


ROM (k byte) 


4 


4 




RAM (byte) 


128 


192 




I/O Port 


I/O Port 


29 


29 


53 


24 




Input Port 


- 


8 




Output Port 


- 


21 




Interrupt 


External 


2 


3 




Soft 


2 


2 




Timer 


3 


4 


Functions 


Serial 


1 


1 




Timer 


16-bit x 1 

/ Free running counter x 1 \ 

Output compare register x 1 

y Input capture register x1 / 


16-bit x 1 

/ Free running counter x 1 \ 

Output compare register x2 

\ Input capture register x1 / 

8-bit x 1 
/ 8-bit up counter x 1 ] 
VTime constant register x 1 / 




SCI 


Asynchronous 


Asynchronous/Synchronous 




External Memory Expansion 


65k bytes 


65k bytes 




Other Features 


•Error detection 
•Low power consumption 
modes (sleep and standby) 


•Error detection 

•Low power consumption 

modes (sleep and standby) 
• Slow memory interface 
•Halt 


EPROM on the Package Type 


HD63P01M1 

HD63PA01M1* 

HD63PB01M1* 


HD63701X0** 
(EPROM on-chip) 

I 



* Preliminary ** Under development "* Wide Temperature Range (-40 ~ +85°C) version is available, 
t DP; Plastic DIP, FP; Plastic Flat Package, CG; Glass-sealed Ceramic Leadless Chip Carrier 
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QUICK REFERENCE GUIDE 



HD6301Y0** 

HD63A01Y0** 

HD63B01Y0** 


HD6303R 

HO63A03R 

HD63B03R 


HD6303X 

HD63A03X 

HD63B03X 


HD6303Y** 

HD63A03Y** 

HD63B03Y** 


1.0(HD6301Y0) 
1.5IHD63A01Y0) 
2.0 (HD63B01Y0) 


1.0(HD6303R) 
1.5IHD63A03R) 
2.0 (HD63B03R) 


1.0(HD6303X) 
1.5(HD63A03X) 
2.0 (HD63B03X) 


1.0 (HD6303Y) 
1.5 (HD63A03Y) 
2.0 (HD63B03Y) 


5.0 


5.0 


5.0 


5.0 


0~+70 


0~+70 


0~+70 


0~+70 


DP-64S, FP-64 


DP-40. FP-54, CG-40 


DP-64S, FP-80 


DP-64S, FP-64 


16 


- 


- 


- 


256 


128 


192 


256 


53 

... 


48 


13 


13 


24 


16 


24 


24 


- 


- 


8 


- 


5 


- 


- 


- 


3 


2 


3 


3 


2 


2 


2 


2 


4 


3 


4 


4 


1 


1 


1 


1 


16-bit x 1 

/ Free running counter x1 \ 

Output compare register x 2 

\lnput capture register x 1 / 

8-bit x 1 
/ 8-bit up counter x 1 A 
V Time constant register x 1 / 


16-bit x 1 

/ Free running counter x 1 \ 

Output compare register x 1 

\ Input capture register x 1 / 


16-bit x 1 

/ Free running counter x1 \ 

Output compare register x 2 

\ Input capture register x 1 / 

8-bit x 1 
/ 8-bit up counter x 1 \ 
\ Time constant register x 1 / 


16-bit x 1 
/ Free running counter x 1 \ 
Output compare register x 2 
\ Input capture register x 1 / 

8-bit x 1 
/8-bit up counter x 1 \ 
V Time constant register x 1 ) 


Asynchronous/Synchronous 


Asynchronous 


Asynchronous/Synchronous 


Asynchronous/Synchronous 


65k bytes 


65k bytes 


65k bytes 


65k bytes 


•Error detection 

• Low power consumption 

modes (sleep and standby) 
•Slow memory interface 
•Halt 


•Error detection 
• Low power consumption 
modes (sleep and standby) 


•Error detection 
• Low power consumption 
modes (sleep and standby) 
•Slow memory interface 
•Halt 


•Error detection 

• Low power consumption 
modes (sleep and standby) 

•Slow memory interface 

• Halt 


1 
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QUICK REFERENCE GUIDE" 



■ CMOS 8-BIT SINGLE-CHIP MICROCOMPUTER HD6305 SERIES 



Type No. 


HD6305U0** 

HD63A05U0** 

HD63B05U0** 


HD6305V0** 

HD63A05V0** 

HD63B05V0** 


HD6305X0* 

HD63A05X0* 

HD63B05X0* 


LSI 


Clock Frequency (MHz) 


1.0(HD6305U0) 
1.5(HD63A05U0) 
2.0 (HD63B05U0) 


1.0 (HD6305V0) 
1.5(HD63A05V0) 
2.0 (HD63B05V0) 


1.0(HD6305X0) 
1.5 (HD63A05X0) 
2.0 (HD63B05X0) 


Characteristics 


Supply Voltage (V) 


5.0 


5.0 


5.0 




Operating Temperature *** (°C) 


0-+70 


0~+70 


0~+70 




Package T 


DP-40 


DP-40 


DP-64S, FP-64 




Memory 


ROM (kbyte) 


2 


4 


4 




RAM (byte) 


128 


192 


128 




I/O Port 


I/O Port 


31 


1 31 


31 


31 


55 


32 




Input Port 




- 


7 




Output Port 


- 


- 


16 




Interrupt 


External 


2 


2 


2 




Soft 


1 


1 


1 




Timer 


2 


2 


2 


Functions 


Serial 


1 


1 


1 


Timer 






SCI 






External Memory Expansion 


- 


- 


I 




Other Features 




EPROM on the Package Type 


- 


- 


HD63P05Y0** 

HD63PA05Y0** 

HD63PB05Y0** 


Evaluation Chip 


- 


- 


- 



* Preliminary ** Under development *** Wide Temperature Range (-40 ~ +85°C) version is available, 
t DP; Plastic DIP, FP; Plastic Flat Package 
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HD6305X1 

HD63A05X1 

HD63B05X1 


H 06305X2 

HD63A05X2 

HD63B05X2 


HD6305Y0* 

HD63A05Y0* 

HD63B05Y0* 


HD6305Y1* 

HD63A05Y1* 

HD63B05Y1* 


HD6305Y2* 

HD63A05Y2" 

HD63B05Y2* 


HD63L05F1 




1.0(HD6305X1) 
1.5(HD63A05X1) 
2.0 (HD63B05X1) 


1.0(HD6305X2) 
1.5(HD63A05X2) 
2.0 (HD63B05X2) 


1.0(HD6305Y0) 
1.5(HD63A05Y0) 
2.0 (HD63B05Y0) 


1.0(HD6305Y1) 

1.5(HD63A05Y1) 

2.0(HD63B05Y1) 


1.0(HD6305Y2) 
1.5(HD63A05Y2) 
2.0 (HD63B05Y2) 


0.1 




5.0 


5.0 


5.0 


5.0 


5.0 


3.0 




0~+70 


0~+70 


0~+70 


0~+70 


0~+70 


-20~+75 




DP-64S, FP-64 


DP-64S, FP-64 


DP-64S. FP-64 


DP-64S, FP-64 


DP-64S, FP-64 


DP-64S, FP-80 




4 


- 


8 


8 


- 


4 




128 


128 


256 


256 


256 


96 




31 


24 


31 


24 


55 


32 


31 


24 


31 


24 


20 


20 




7 


7 


7 


7 


7 


_ 




- 


- 


16 


- 


- 


(19) 




2 


2 


2 


2 


2 


1 




1 


1 


1 


1 


1 


1 




2 


2 


2 


2 


2 


1 




1 


1 


1 


1 


1 


- 


• 8-bit x 1 (with 7-bit prescaler) 

• 15-bit x 1 (combined with SCI) 


• 8-bit x 1 (with 
7-bit prescaler) 


Synchronous 


- 


| 12k bytes | 16k bytes | - | 8 k bytes | 16k bytes 


- 


• Low power consumption modes 
(Wait, stop and standby) 


• 8-bit A/D converter 

• LCD driver 
(6x7 segment) 

• Low power con- 
sumption modes 
(Standby and halt) 




- 


- 


HD63P05Y0** 

HD63PA05Y0** 

HD63PB05Y0** 


- 


- 


- 




- 


- 


- 


- 


- 


HD63L05E0 
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QUICK REFERENCE GUIDE- 



■ NMOS 8-BIT SINGLE-CHIP MICROCOMPUTER EPROM ON PACKAGE TYPE 



Type No. 


HD68P01V07 |HD68P01V07-1*| HD68P01M0 | HD68P01M0-1* 


HD68P05V07 


HD68P05W0* 


LSI 


Supply Voltage (V) 


5.0 


5.0 


5.0 


Characteristics 


Operating Temperature**(°C) 


0-+70 


0~+70 


0~+70 




Package * 


DC-40P 


DC-40P 


DC-40P 


Equivalent Device 


HO6801V0 


HD6801V5 


- 


- 


HD6805U1 
H O6805V 1 


H06805W1 


Mountable EPROM 


HN482732A-30 


HN482732A-30 


HN482764-3 


HN482764-3 


HN482732A-30 


HN482732A-30 
HN482764-3 



* Preliminary 
•* Wide Temperature Range (-40 ~ +85° C) version is available, 
t DC; Ceramic DIP (EPROM on the package type) 



■ CMOS 8-BIT SINGLE-CHIP MICROCOMPUTER EPROM ON PACKAGE TYPE 



Type No. 


HD63P01M1 |HD63PA01M1*|HD63PB01M1* 


H D63P05 YO* *| H D63PA05Y0 * *| H D63P B05Y0* * 


LSI 
Characteristics 


Supply Voltage (V) 


5.0 


5.0 


Operating Temperature*** (°C) 


0-+70 


0-+70 




Package t 


DC-40P 


DP-64SP 


Equivalent Device 


HD6301V1 


HD63A01V1 


HD63B01V1 


HD6305X0 
HD6305Y0 


HD63A05X0 
HD63A05Y0 


HD63B05X0 
HD63B05Y0 


Mountable EPROM 


HN482732A30 
MN482764 3 
HN27C64-30 


HN482732A-30 

HN<82764-3 

HN27C64-30 


HN482732A-2S 

HN482764 

HN27C64-25 


HN482732A-30 

HN4827B43 

HN27C64-30 


HN482732A-30 

HN482764-3 

HN27C64-30 


HN482732A-25 

HN4S2764 

HN27C64-25 



* Preliminary 
** Under Development 
"Wide Temperature Range (-40 ~ +85°C) version is available. 

t DC; Ceramic DIP (EPROM on the package type) 
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CMOS 8-BIT SINGLE-CHIP MICROCOMPUTER EPROM ON-CHIP TYPE 



Type No. 


HD63701X0* 




Bus Timing (MHz) 


1.0 


LSI 
Characteristics 


Supply Voltage (V) 


5.0 


Operating Temperature (°C) 


0~+70 




Package f 


DC-64S 




Memory 


ROM (k byte) 


4 (EPROM) 




RAM (byte) 


192 




I/O Port 


I/O Port 


1 
53 


24 




Input Port 


8 




Output Port 


21 




Interrupt 


External 


3 


Functions 


Soft 


2 




Timer 


4 




Serial 


1 




Timer 


16-bit x1 
/ Free running counter x 1 \ 

Output compare register x 2 
\ Input capture register x 1 / 
8-bit x 1 
t 8-bit up counter x 1 \ 
\ Time constant register x 1 J 




SCI 


Asynchronous/Synchronous 




External Memory Expansion 


65k bytes 




Other Features 


• Error detection 

• Low power consumption modes (sleep and standby) 

• Slow memory interface 

• Halt 


Equivalent Device 


HD6301X0 


Reference Page 


720 



* Under development 

t DC; Ceramic DIP (Shrink type) 
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INTRODUCTION OF PACKAGES 



Hitachi microcomputer devices are offered in a variety of 
packages, to meet various user requirements. 



1. Package Classification 

When selecting suitable packaging, please refer to the 
Package Classifications given in Fig. I for pin insertion, surface 
mount, and multi-function types, in plastic and ceramic. 





Standard Outline 






DIP 






Plastic DIP 






~ 






























Pin Insertion Type 






— • 


Ceramic DIP 




























Shrink Outline 




S-DIP 




Shrink Type Plastic DIP 




_ 


| ' 


























PGA 




— » 


Shrink Type Ceramic DIP 














Package Classification 


























Flat Package 




FLAT-DIP 




SOP (Plastic) 






















Surface Mounting Type 










FLAT- 
QUIP 


FPP (Plastic) 




" 






























Chip Carrier 




CC 




PLCC (Plastic) 




" 


* 


































LCC 
(Glass Sealed Ceramic) 






Multi-function Type 




EPROM on the 
Package Type 








— -» 







DIP; DUAL IN LINE PACKAGE 

S-DIP; SHRINK DUAL IN LINE PACKAGE 

PGA: PIN GRID ARRAY 

FLAT-DIP; FLAT DUAL IN LINE PACKAGE 

FLAT-QUIP; FLAT QUAD IN LINE PACKAGE 

CC:CHIP CARRIER 

SOP; SMALL OUTLINE PACKAGE 

FPP; FLAT PLASTIC PACKAGE 

PLCC; PLASTIC LEADED CHIP CARRIER 

LCC;LEADLESS CHIP CARRIER 



Fig. 1 Package Classification according to Material and Printed Circuit Board Mounting Type 
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INTRODUCTION OF PACKAGES 



2. Type No. and Package Code Indication 

The Hitachi Type No. for single-chip microcomputer devices 
is followed by package material and outline specifications, as 
shown below. The package type used for each device is identified 



by code as follows, and illustrated in the data sheet for each 
device. 

When ordering, please write the package code next to the 
type number. 



Type No. Indication 



HDXXXXP 

T 



(Note) HDXXf XXXX stands for Type No. 
of EPROM on the package type 
microcomputer device. 



Package Classification 

No Indication : Ceramic DIP 

P ; Plastic DIP 

F ; FPP 

CG ; LCC 



Package Code Indication 



D;DIP 
C;CC 
F ;FLAT 




Materials 

P ; Plastic 

G ; Glass sealed 

ceramic 
C ; Ceramic 



Additional Outline 

S; Shrink type 

P; EPROM on the package type 
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3. Package Dimensional Outline 

Hitachi single-chip microcomputer devices employ the pack- 
ages shown in Table 1 according to PCB mounting method. 



Table 1 Package List 



Mounting method 


Package classification 


Package material 


Package code 


Pin insertion type 


Standard outline (DIP) 


Plastic 


DP-28 
DP-40 


Shrink outline (S-DIP) 


Plastic 


DP-64S 


Ceramic 


DC-64S 


Surface mounting type 


Flat package (FPP) 


Plastic 


FP-54 
FP-64 
FP-80 


Chip carrier (LCC) 


Glass sealed ceramic 


CG-40 


Multi-function type 


EPROM on the package type 


Ceramic 


DC-40P 
DC-64SP 



Plastic DIP 



• DP-28 




°-~ ,s -4. ly* 




• DP-40 



T7 



134 
1 lg}4 ■ ■ 



O 





(Unit: mm) 



S^ HITACHI 
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Shrink Type Plastic DIP 



• DP-64S 



© 



ft 
6 







8.1 max 2.54 min 



f -w 



(Unit: mm) 



Shrink Type Ceramic DIP 



• DC-64S 



4 

o 

*■ / 


t 

i 
i 
i 

i 
i 
i 

i 

i j 

1 
l 

i 
i 
l 
1 
i 
1 
l 

1 

l 
i 

133 






L- 


1 °'* 




(Unit: mm) 
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Flat Package 



• FP-54 





(Unit: mm) 



• FP-64 





^^mmmmiK^ 



(Unit: mm) 



• FP-80 





(Unit: mm) 



HITACHI 



21 



INTRODUCTION OF PACKAGES 



Leadlett Chip Carrier 



• CG-40 



sli'innnnnnnnnrHnd 

s 5 

-J-1.02 

5nn 



S HiniDDDDHtJHB 



TaanaQflQanoT" 



^ 



(Unit: mm) 



EPROM on-Padnga Typa 



• DC-40P 




m Ei 






i^FF 



4 




(Unit: mm) 
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• DC-64SP 



|. — »*-. -I 





(Unit: mm) 



4. Mounting Method 

Package lead pins are surface treated with solder coating or 
plating to facilitate PCB mounting. The lead pins are connected 
to the package by eutectic solder. Common connecting method 
of leads and precautions are explained as follows: 

4.1 Mounting Methods of Pin Insertion Type Package 
Insert lead pins into the PCB through-holes (usually about 
00.8mm). Soak leads in a wave solder tub. 

Lead pins held by the through-holes enable handling of the 
package through the sqldering process, and facilitate automated 
soldering. When soldering leads in the wave solder tub, do not 
get solder on the package. 

4.2 Mounting Method of Surface Mount Type Package 
Apply the specified quantity of solder paste to the pattern on 

any printed board by the screen printing method, to temporarily 
fix the package to the board. The solder paste melts when heated 
in a reflowing furnace, and package leads and the pattern of the 
printed board are fixed by the surface tension of the melted 
solder and self alignment. 

The size of the pattern where leads are attached should be 1 . 1 
to 1.3 times the leads' width, depending on paste material or 
furnace adjustment. 

The temperature of the reflowing furnace is dependent on 
packaging material and type. Fig. 2 lists the adjustment of the 
reflowing furnace for FPP. Pre-heat the furnace to ISO C. Sur- 
face temperature of the resin should be kept at 235° C maximum 
for 10 minutes or less. 







— i- 


[■ 10 sec max 


235° C max - 


-7 


\ 


140 ~ 160°C\ 




^ 


\ 


yS 


= 60 sec 


1 ~ 4°C/$ec 


1 ~ 5°C/sec 







Time- 



Fig.2 



Reflowing Furnace Adjustment 
for FPP 



Employ adequate heating or temperature control equipment 
to prevent damage to the plastic package epoxy-resin material. 
When using an infrared heater, avoid long exposure at tempera- 
tures higher than the glass transition point of epoxy-resin (about 
I50°C), which may cause package damage and loss of reliability 
characteristics. Equalize the temperature inside and outside of 
packages by reducing the heat of the upper surface of the 
packages. 

FPP leads may easily bend in shipment or during handling, 
and impact soldering onto the printed board. Heat the bent leads 
again with a soldering iron to reshape them. 

Use a rosin flux when soldering. Do not use chloric flux 
because the chlorine in the flux has a tendency to remain on the 
leads and reduce reliability. Use alcohol, chlorothene or freon to 
wash away rosin flux from packages. These solvents should not 
remain on the packages for an excessive length of time, because 
the package markings may disappear. 
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5. Package Marking 

The Hitachi trademark and product type No. are printed on 
packages, as shown in the following examples. Customer 
marking can be added to single-chip devices upon request. 



(a) 



(b) 



(c) 



#002 

BDSBDfflBDB 

» HDD "OBIBHH 



Meaning of each mark 



(a) 


Hitachi Trademark 


(b) 


Lot Code 


(0 


Type No. 


(d> 


ROM Code 


(e) 


Japan Mark 
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1. VIEWS ON QUALITY AND RELIABILITY 

Basic views on quality at Hitachi are to meet the 
individual uers' required quality level and maintain a 
general quality level equal to or above that of the 
general market. The quality required by the user may 
be specified by contract, or may be indefinite. In either 
case, efforts are made to assure reliable performance 
in actual operating circumstances. Quality control 
during the manufacturing process, and quality aware- 
ness from design through production lead to product 
quality and customer satisfaction. Our quality assur- 
ance technique consists basically of the following 
steps: 

(1) Build in reliability at the design stage of new 
product development. 

(2) Build in quality at all steps in the manufacturing 
process. 

(3) Execute stringent inspection and reliability con- 
firmation of final products. 

(4) Enhance quality levels through field data feed 
back. 

(5) Cooperate with research laboratories for higher 
quality and reliability. 

With the views and methods mentioned above, 
utmost efforts are made to meet users' requirements. 

2. RELIABILITY DESIGN OF 
SEMICONDUCTOR DEVICES 

2.1 Reliability Targets 

The reliability target is an important factor in sales, 
manufacturing, performance, and price. It is not ade- 
quate to set a reliability target based on a single set of 
common test conditions. The reliability target is set 
based on many factors: 

(1 ) End use of semiconductor device. 

(2) End use of equipment in which device is used. 

(3) Device manufacturing process. 

(4) End user manufacturing techniques. 

(5) Quality control and screening test methods. 

(6) Reliability target of system. 

2.2 Reliability Design 

The following steps are taken to meet the reliability 

targets: 

(1) Design Standardization 

As for design rules, critical items pertaining to 
quality and reliability are always studied at circuit 



design, device design, layout design, etc. There- 
fore, as long as standardized processing and 
materials are used the reliability risk is extremely 
small even in the case of new development 
devices, with the exception of special require- 
ments imposed by functional needs. 

(2) Device Design 

It is important for the device design to consider 
total balance of process, structure, circuit, and 
layout design, especially in the case where new 
processes and/or new materials are employed. 
Rigorous technical studies are conducted prior to 
device development. 

(3) Reliability Evaluation by Functional Test 
Functional Testing is a useful method for design 
and process reliability evaluation of IC's and LSI 
devices which have complicated functions. 

The objectives of Functional Test are: 

• Determining the fundamental failure mode. 

• Analysis of relation between failure mode and 
manufacturing process. 

• Analysis of failure mechanism. 

• Establishment of QC points in manufacturing 
process. 

2.3 Design Review 

Design Review is an organized method to confirm that 
a design satisfies the performance required and 
meets design specifications. In addition, design review 
helps to insure quality and reliability of the finished 
products. At Hitachi, design review is performed from 
the planning stage to production for new products, 
and also for design changes on existing products. 
Items discussed and considered at design review are: 

(1) Description of the products based on design 
documents. 

(2) From the standpoint of each participant, design 
documents are studied, and for points needing 
clarification, further investigation will be carried 
out. I 

(3) Specify quality control and test methods based on 
design documents and drawings. 

(4) Check process and ability of manufacturing line to 
achieve design goal. 

(5) Preparation for production. 

(6) Planning and execution of sub-programs for 
design changes proposed by individual specialists. 
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for test, experiments, and calculations to confirm 
the design changes. 
(7) Analysis of past failures with similar devices, dis- 
cussion of methods to prevent them, and planning 
and execution of test programs to confirm success. 

3. QUALITY ASSURANCE SYSTEM 

3.1 Activity of Quality Assurance 

General views of overall quality assurance in Hitachi 
are as follows: 

(1) Problems in each individual process should be 
solved in the process. Therefore, at the finished 
product stage the potential failure factors have 
been removed. 

(2) Feedback of information is used to insure a satis- 
factory level of ability process. 

3.2 Quality Approval 

To insure quality and reliability, quality approval is 
carried out at the preproduction stage of device 



design, as described in section 2. Our views on quality 
approval are: 

(1 ) A third party executes approval objectively from 
the standpoint of the customer. 

(2) Full consideration is given to past failures and 
information from the field. 

(3) No design change or process change without QA 
approval. 

(4) Parts, materials, and processes are closely 
monitored. 

(5) Control points are established in mass production 
after studying the process abilities and variables. 

3.3 Quality and Reliability Control at Mast 
Production 

Quality control is accomplished through division of 
functions in manufacturing, quality assurance, and 
other related departments. The total function flow is 
shown in Fig. 2. The main points are described below. 



Step 



Target 
Specification 



Design 

Trial 

Production 



Materials, Parts 
Approval 



[[Characteristics Approval fl* 



[|Quality Approval (1) f*- 



||Quality Approval (2) fl -«- 



Mass 
Production 



Contents 



"| Design Review 



Characteristics of Material and 
Parts 

Appearance 

Dimension 

Heat Resistance 

Mechanical 

Electrical 

Others 



Electrical 
Characteristics 

Function 

Voltage 

Current 

Temperature 

Others 
Appearance, Dimension 



Reliability Test 
Life Test 
Thermal Stress 
Moisture Resistance 
Mechanical Stress 
Others 



Reliability Test 
Process Check same as 
Quality Approval (1) 



Figure 1 Flow Chart of Quality Approval 



Purpose 



Confirmation of 
Characteristics and 
Reliability of Materials 
and Parts 



Confirmation of Target 
Spec. Mainly about 
Electrical Characteristics 



Confirmation of Quality 
and Reliability in Design 



Confirmation of Quality 
and Reliability in Mass 
Production 
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Process 



Material, Parts 



Receiving 



I 



Quality Control 




Inspection on Material and 
Parts for Semiconductor 
Devices 



Manufacturing Equipment, 
Environment, Sub-material, 
Worker Control 



Inner Process 
Quality Control 



100% Inspection on 
Appearance and Electrical 
Characteristics 



Sampling Inspection on 
Appearance and Electrical 
Characteristics 



Reliability Test 



Shipment 



Customer 



Quality Information 
Claim 

Field Experience 
General Quality 
Information 



Method 



Lot Sampling, 
Confirmation of 
Quality Level 



Confirmation of 
Quality Level 



Lot Sampling, 
Confirmation of 
Quality Level 



Testing, 
Inspection 



Lot Sampling 



Confirmation of 
Quality Level, Lot 
Sampling 



Feedback of 
Information 



Figure 2 Flow Chart of Quality Control in Manufacturing Process 
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3.3.1 Quality Control of Parts and Materials 

As semiconductor devices tend towards higher per- 
formance and higher reliability, the importance of 
quality control of parts and materials becomes para- 
mount. Items such as crystals, lead frames, fine wire 
for wire bonding, packages, and materials needed in 
manufacturing processes such as masks and chemi- 
cals, are all subject to rigorous inspection and control. 
Incoming inspection is performed based on the pur- 
chase specification and drawing. The sampling is exe- 
cuted based mainly on MIL-STD-105D. 

The other activities of quality assurance are as 
follows: 

(1) Outside vendor technical information meeting. 

(2) Approval and guidance of outside vendors. 

(3) Chemical analysis and test. 

The typical check points of parts and materials are 
shown in Table 1 . 



Tahiti Quality Control Check Points of Material and Parts 
(Example) 



Material, 
Parts 


Important 
Control Items 


Point for Check 


Wafer 


Appearance 

Dimension 
Sheet Resistance 
Defect Density 
Crystal Axis 


Damage and Contamina- 
tion on Surface 
Flatness 
Resistance 
Defect Numbers 


Mask 


Appearance 
Dimension 
Resistoration 
Gradation 


Defect Numbers, Scratch 
Dimension Level 

Uniformity of Gradation 


Fine 
Wire for 
Wire 
Bonding 


Appearance 

Dimension 
Purity 
Elongation Ratio 


Contamination, Scratch, 
Bend, Twist 

Purity Level 
Mechanical Strength 


Frame 


Appearance 
Dimension 
Processing 

Accuracy 
Plating 
Mounting 

Characteristics 


Contamination, Scratch 
Dimension Level 

Bondability, Solderability 
Heat Resistance 


Ceramic 
Package 


Appearance 
Dimension 
Leak Resistance 
Plating 
Mounting 

Characteristics 
Electrical 

Characteristics 
Mechanical 

Strength 


Contamination, Scratch 
Dimension Level 
Airtightness 

Bondability, Solderability 
Heat Resistance 

Mechanical Strength 


Plastic 


Composition 

Electrical 

Characteristics 
Thermal 

Characteristics 
Molding 

Performance 
Mounting 

Characteristics 


Characteristics of 
Plastic Material 

Molding Performance 
Mounting Characteristics 



3.3.2 Inner Process Quality Control 

Inner Process Quality Control performs very important 
functions in quality assurance of semiconductor 
devices. The manufacturing Inner Process Quality 
Control is shown in Fig. 3. 

(1) Quality Control of Semi-final Products and Final 
Products 

Potential failure factors of semiconductor devices 
are removed in the manufacturing process. To 
achieve this, check points are set-up in each pro- 
cess and products which have potential failure 
factors are not moved to the next process step. 
Manufacturing lines are rigidly selected and tight 
inner process quality controls are executed— rigid 
checks in each process and each lot, 1 00% inspec- 
tion to remove failure factors caused by manufac- 
turing variables and high temperature aging and 
temperature cycling. Elements of inner process 
quality control are as follows: 

• Condition control of equipment and workers 
environment and random sampling of semi- 
final products. 

• Suggestion system for improvement of work. 

• Education of workers. 

• Maintenance and improvement of yield. 

• Determining quality problems, and implement- 
ing countermeasures. 

• Transfer of quality information. 

(2) Quality Control of Manufacturing Facilities and 
Measuring Equipment 

Manufacturing equipment is improving as higher 
performance devices are needed. At Hitachi, the 
automation of manufacturing equipment is en- 
couraged. Maintenance Systems maintain opera- 
tion of high performance equipment. There are 
daily inspections which are performed based on 
related specifications. Inspection points are listed 
in the specification and are checked one by one to 
prevent any omission. As for adjustment and 
maintenance of measuring equipment, specifica- 
tions are checked one by one to maintain and 
improve quality. 

(3) Quality Control of Manufacturing Circumstances 
and Sub-Materials 

The quality and reliability of semiconductor devices 
are highly affected by the manufacturing process. 
Therefore, controls of manufacturing circum- 
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stances such as temperature, humidity and dust, 
and the control of submaterials, like gas, and pure 
water used in a manufacturing process, are inten- 
sively executed. 



attention to buildings, facilities, air conditioning 
systems, delivered materials, clothes, work envir- 
onment, and periodic inspection of floating dust 
concentration. 



Dust control is essential to realize higher integra- 
tion and higher reliability of devices. At Hitachi, 
maintenance and improvement of cleanliness at 
manufacturing sites is accomplished through 



3.3.3 Final Product Inspection and Reliability 
Assurance 

(1) Final Product Inspection 

Lot inspection is done by the quality assurance 



Process 

V Purchase of Material 



Control Point 



—Wafer 



1 



-Frame - 



'—Package-* 



I Surface Oxidation 
Inspection on Surface 
Oxidation 

) Photo Resist 

Inspection on Photo Resist 

PQC Level Check 
) Diffusion 

Inspection on Diffusion 
PQC Level Check 

) Evaporation 

Inspection on Evaporation 
PQC Level Check 
] Wafer Inspection 

Inspection on Chip 
Electrical Characteristics 
Chip Scribe 
Inspection on Chip 
Appearance 

PQC Lot Judgement 

Q Assembling 



PQC Level Check 

g Inspection after 
Assembling 

PQC Lot Judgement 



Q Sealing 

PQC Level Check 

Final Electrical Inspection 

Failure Analysis 

Appearance Inspection 
Sampling Inspection on 
Products 
Receiving 

Shipment 



Wafer 
Oxidation 



Photo 
Resist 



Diffusion 



Evapora- 
tion 



Wafer 
Chip 



Assembling 



Sealing 
Marking 



Characteristics, Appearance 



Appearance, Thickness of 
Oxide Film 



Dimension, Appearance 

Diffusion Depth, Sheet 

Resistance 

Gate Width 

Characteristics of Oxide Film 

Breakdown Voltage 

Thickness of Vapor Film, 
Scratch, Contamination 



Thickness, Vth Characteris- 
tics 
Electrical Characteristics 

Appearance of Chip 



Appearance after Chip 

Bonding 

Appearance after Wire 

Bonding 

Pull Strength, Compression 

Width, Shear Strength 

Appearance after Assembling 



Appearance after Sealing 
Outline, Dimension 
Marking Strength 

Analysis of Failures, Failure 
Mode, Mechanism 



Purpose of Control 



Scratch, Removal of Crystal 
Defect Wafer 
Assurance of Resistance 
Pinhole, Scratch 



Dimension Level 
Check of Photo Resist 
Diffusion Status 

Control of Basic Parameters 
(Vth, etc.) Cleanness of surface. 
Prior Check of Vih 
Breakdown Voltage Check 
Assurance of Standard 
Thickness 



Prevention of Crack, 
Quality Assurance of Scribe 



Quality Check of Chip 

Bonding 

Quality Check of Wire 

Bonding 

Prevention of Open and 

Short 



Guarantee of Appearance 
and Dimension 



Feedback of Analysis Infor- 
mation 



Figure 3 Example of Inner Process Quality Control 
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department for products which were judged good 
in 100% test . . . the final process in manufac- 
turing. Though 100% yield is expected, sampling 
inspection is executed to prevent mixture of bad 
product by mistake. The inspection is executed not 
only to confirm that the products have met the 
users' requirements but also to consider potential 



quality factors. Lot inspection is executed based 
on MIL-STD-105D. 
(2) Reliability Assurance Tests 

To assure the reliability of semiconductor devices, 
reliability tests and tests on individual manufac- 
turing lots that are required by the user, are peri- 
odically performed. 
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1. INTRODUCTION 

Microcomputers provide high reliability and quality to meet 
the demands of increased functions, enlarging scale, and wid- 
ening application. Hitachi has improved the quality level of 
microcomputer products by evaluating reliability, building 
quality into the manufacturing process, strengthening inspection 
techniques, and analyzing field data. 

The following reliability and quality assurance data for 
Hitachi 8-bit single-chip microcomputers indicates results from 
test and failure analysis. 



2. PACKAGE AND CHIP STRUCTURE 
2.1 Packaging 

Production output and application of plastic packaging con- 
tinues to increase, expanding to automobile measuring and con- 
trol systems, and computer terminal equipment operating under 
severe conditions. To meet this demand, Hitachi has significantly 
improved moisture resistance and operational stability in the 
plastic manufacturing process. 

Plastic and side-brazed ceramic package structures are shown 
in Figure 1 and Table 1. 



(1) Plastic DIP 


(2) Plastic Flat Package 




Bonding wire 










Chip \ ^^ 


^mU 


c j Ch 'P 
Bonding wire ^ 


Plastic 


Plastic 


y" Lead 


*" Tab 




Lead 



Figure 1 Package Structure 



Table 1 Package Material and Properties 



Item 


Plastic DIP 


Plastic Flat Package 


Package 


Epoxy 


Epoxy 


Lead 


Solder dipping Alloy 42 


Solder plating Alloy 42 


Die bond 


Au-Si or Ag paste 


Au-Si or Ag paste 


Wire bond 


Thermo compression 


Thermo compression 


Wire 


Au 


Au 
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2.2 Chip Structure 

The HMCS6800 family is produced in NMOS E/D tech- 
nology or low power CMOS technology. Si-gate process is used 



in both types to achieve high reliability and density. Chip struc- 
ture and basic circuitry are shown in Figure 2. 



Si-Gate N-channel E/D 




Drain Source Drain 

FET1 FET2 



\ 
Source 



FET1 




N-channel 
EMOS 



Si -Gate CMOS 



PSG Al .Gate 




FET1 




Figure 2 Chip Structure and Basic Circuit 



3. QUALITY QUALIFICATION AND EVALUATION 

3.1 Reliability Test Methods 

Reliability test methods shown in Table 2 are used to qualify and evaluate new products and processes. 

Table 2 Reliability Test Methods 



Test Items 


Test Condition 


MIL-STD-883B Method No. 


Operating Life Test 


125°C,1000hr 


1005,2 


High Temp, Storage 


Tstg max, 1000hr 


1008,1 


Low Temp, Storage 


Tstg min, 1000hr 




Steady State Humidity 


65°C95%RH, 1000hr 




Steady State Humidity Biased 


85°C85%RH, 1000hr 




Temperature Cycling 


-55°C~150°C, 10 cycles 


1010,4 


Temperature Cycling 


-20° C ~ 125°C, 200 cycles 




Thermal Shock 


0°C~100°C, 100 cycles 


1011,3 


Soldering Heat 


260° C. 10 sec 




Mechanical Shock 


1500G 0.5 msec, 3 times/X, Y, Z 


2002,2 


Vibration Fatigue 


60Hz 20G, 32hrs/X, Y, Z 


2005,1 


Variable Frequency 


20~2000Hz 20G, 4 min/X, Y, Z 


2007,1 


Constant Acceleration 


20000G, 1 min/X, Y, Z 


2001,2 


Lead Integrity 


225gr, 90° 3 times 


2004,3 
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3.2 Ratability Tart Result* 

Reliability Test Results of 8-bit single-chip microcomputer 
devices are shown in Table 3 to Table 7. 



Table 3 Dynamic Life Test 



Device 


Sample Size 


Component Hour 


Failure 


HD6801P 
HD6805P 


191 
114 


191000 
114000 






HD6301P 

HD63L05FP 

HD6305XP 


92 

40 
56 


92000 
40000 
56000 







HD68P01 
HD68P05 


22 
22 


22000 
22000 







Table 4 High Temperature, High Humidity Test (Moisture Resistance Test) 



(1) 85°C 85%RH Bias Test 



Device 


Vcc Bias 


168 hrs 


500 hrs 


1000 hrs 


HD6801P 
HD6805P 
HD6301P 


5.5V 
5.5V 
5.5V 


0/22 
0/22 
0/176 


0/22 
0/22 
0/131 


0/22 
0/22 
0/131 


Total 




0/220 


0/175 


0/175 



(2) High Temperature High Humidity Storage Life Test 



Device 


Condition 


168 hrs 


500 hrs 


1000 hrs 


HD6801P 


65°C 95%RH 


0/45 


0/45 


0/45 


HD6805P 


65°C 95%RH 


0/45 


0/45 


0/45 


HD6301P 


65°C 95%RH 


0/603 


0/603 


0/603 


HD6301P 


85°C 95%RH 


0/234 


1*/234 


0/233 


HD63L05FP 


65°C 95%RH 


0/160 


0/160 


0/160 


HD63L05FP 


85°C 95%RH 


0/160 


1*/160 


0/159 


HD6305XP 


65°C 95%RH 


0/373 


0/373 


0/373 



(3) Pressure Cooker Test 
(121°C, 2atm) 



Aluminium corrosion 



Device 


40 hrs 


60 hrs 


100 hrs 


200 hrs 


HD6801P 


0/13 


0/13 


0/13 


0/13 


HD6805P 


0/44 


0/44 


0/44 


0/44 


HD6301P 


0/135 


0/135 


0/135 


0/135 


HD6305XP 


0/83 


0/83 


0/83 


0/83 


HD63L05FP 


0/80 


0/80 


T/80 


2**/79 



* Current leakage 
** Current leakage and aluminium corrosion 
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(4) MIL-STD-883B Moisture Resistance Test 
(-65°C ~ -10°C, 90%RH or more) 



Device 


10 cycles 


20 cycles 


40 cycles 


HD6801P 
HD6805P 
HD6301P 
HD63L05FP 


0/50 
0/32 
0/75 
0/22 


0/50 
0/32 
0/75 
0/22 


0/50 
0/32 
0/75 
0/22 



Table 5 Temperature Cycling Test 
(_55°C ~ 150°C) 



Device 


10 cycles 


100 cycles 


200 cycles 


HD6801P 
HD6805P 
HD6301P 
HD6305XP 


0/102 
0/442 
0/258 
0/80 


0/102 
0/45 
0/258 
0/80 


0/102 
0/45 
0/258 
0/80 


HD68P01 
HD68P05 


0/44 
0/68 


0/44 
0/19 


0/44 
0/19 



Table 6 High Temperature, Low Temperature Storage Life Test 



Device 


Temperature 


168 hrs 


500 hrs 


1000 hrs 


HD6801P 


150°C 
-55°C 


0/22 
0/22 


0/22 
0/22 


0/22 
0/22 


HD6805P 


150°C 
-55°C 


0/44 
0/22 


0/44 
0/22 


0/44 
0/22 


HD6301P 


150°C 
-55°C 


0/22 
0/22 


0/22 
0/22 


0/22 
0/22 


HD63L05FP 


150^0 
-55 C 


0/22 
0/22 


0/22 
0/22 


0/22 
0/22 



Table 7 Mechanical and Environmental Test 





Condition 


Plastic DIP 


Flat Plastic Package 




Sample Size 


Failure 


Sample Size 


Failure 


Thermal Shock 


0°C~100°C 
10 cycles 


110 





100 





Soldering Heat 


260° C, 10 sec. 


164 





20 





SaltWater Spray 


35°C, NaCI 5% 
24 hrs 


110 





20 





Solderability 


230°C, 5 sec. 
Rosin flux 


159 





34 





Drop Test 


75cm, maple board 
3 times 


110 





20 





Mechanical Shock 


1500G, 0.5ms 
3 times/X, Y, Z 


110 





20 





Vibration Fatigue 


60 Hz, 20G 

32hrs/X, Y, Z 


110 





20 





Vibration Variable Freq. 


100 ~ 2000Hz 
20G, 4 times/X, Y, Z 


110 





20 





Lead Integrity 


225g, 90° 
Bonding 3 times 


110 





20 
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RELIABILITY TEST DATA 



4. PRECAUTIONS 

4.1 Storage 

To prevent deterioration of electrical characteristics, solder- 
ability, appearance or structure, Hitachi recommends semicon- 
ductor devices be stored as follows: 

( 1 ) Store in ambient temperatures of 5 to 30° C, with a relative 
humidity of 40 to 60%. 

(2) Store in a clean, dust- and active gas-free environment. 

(3) Store in conductive containers to prevent static electricity. 

(4) Store without any physical load. 

(5) When storing devices for an extended period, store in an 
unfabricated form, to minimize corrosion of pre-formed 
lead wires. 

(6) Unsealed chips should be stored in a cool, dry, dark and 
dust-free environment. Assembly should be performed 
within 5 days of unpacking. Devices can be stored for up to 
20 days in dry nitrogen gas with a dew point at -30° C or less. 

(7) Prevent condensation during storage due to rapid tempera- 
ture changes. 

4.2 Transportation 

General precautions for electronic components are appli- 
cable in transporting semiconductors, units incorporating semi- 
conductors, and other similar systems. In addition, Hitachi 
recommends the following: 

( 1 ) When transporting semiconductor devices or printed circuit 
boards, minimize mechanical vibration and shock. Use con- 
tainers or jigs which will not induce static electricity as a 
result of vibration. Use of an electrically conductive con- 
tainer or aluminum foil is recommended. 

(2) To prevent device deterioration from clothing-induced static 
electricity, workers should be properly grounded while hand- 
ling devices. Use of a 1 M ohm resistor is recommended to 
prevent electric shock. 

(3) When transporting printed curcuit boards containing semi- 
conductor devices, suitable preventive measures against 
static electricity must be taken. Voltage build-up can be 
avoided by shorting the card-edge terminals. When a belt 
conveyor is used, apply some surface treatment to prevent 
build-up of electrical charge. 

(4) Minimize mechanical vibration and shock when trans- 
porting semiconductor devices or printed circuit boards. 



4.3 Handling for Measurement 

Avoid static electricity, noise and voltage surge when meas- 
uring or mounting devices. Precaution should be taken against 
current leakage through terminals and housings of curve tracers, 
synchroscopes, pulse generators, and DC power sources. 

When testing devices, prevent voltage surges from the tester, 
attached clamping circuit, and any excessive voltage possible 
through accidental contact. 

In inspecting a printed circuit board, power should not be 
applied if any solder bridges or foreign matter is present. 

4.4 Soldering 

Semiconductor devices should not be exposed to high 
temperatures for excessive periods. Soldering must be performed 
consistent with temperature conditions of 260° C for 10 seconds, 
350° C for 3 seconds, and at a distance of 1 to 1 .5mm from the end 
of the device package. 

A soldering iron with secondary voltage supplied through a 
grounded transformer is recommended to protect against 
leakage current. Use of alkali or acid flux, which may corrode the 
leads, is not recommended. 

4.5 Removing Residual Flux 

Detergent or ultrasonic removal of residual flux from circuit 
boards is necessary to ensure system reliability. Selection of 
detergent type and cleaning conditions are important factors. 

When chloric detergent is used for plastic packaged devices, 
care must be taken against package corrosion. Extended 
cleaning periods and excessive temperature conditions can cause 
the chip coating to swell due to solvent permeation. Hitachi 
recommends use of Lotus and Dyfron solvents. Trichloroeth- 
ylene solvent is not suitable. 

The following conditions are advisable for ultrasonic 
cleaning: 

• Frequency: 28 to 29 k Hz (to avoid device resonation) 

• Ultrasonic output: 15W/f 

• Keep devices from making direct contact with power 
generator 

• Cleaning time: Less than 30 seconds. 
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DESIGN PROCEDURE AND SUPPORT TOOLS FOR 
8-BIT SINGLE-CHIP MICROCOMPUTERS 



The cross assmebler and hardware simulator using various 
types of computers are prepared by Hitachi as supporting sys- 
tems to develop user's programs. 

User's programs are mask programmed into the ROM and 



delivered as the LSI by the company. 

Fig. 1 shows the typical program design procedure and Table 
1 shows the system development support tools for the 8-bit 
single-chip microcomputer family used in these processes. 



EPROM 




■ Pattern Generator 



Mask 



Trial 
Production 



Sample 



\ Engineering J 

Approval / 





n. 



Te«t Editor / CRT Editor 

Evaluation Kit 

H68SD5 

Intel MDS 

PDP-1 1 

VAX-1 1 

IBM370 



Cross Assembler 
Evaluation Kit 
H68SD5 
Intel MDS 
PDP-11 
VAX-1 1 
IBM370 



Evaluation Kit 

Evaluation Board 

H68SD5 

EPROM on the Package Type 

Microcomputer 

HD68P01V07 

HD68P05V07 

HD68P05W0 

HD63P01M1 
1-HD63P05Y0 



(Explanation) 



(T) When the user programs the system, the predetermined functions are 
assigned to the I/O pin and the RAM before the programming. 

(2) A flow chart is designed to achieve the predetermined functions and the flow 
chart is coded by using the prenumeric code. 

(3) The coded flow chart is punched into the card or the paper tape or written into 
the floppy disk, to generate a source program. 

(4) The source program is assembled by the resident system (evaluation kit) or the 
cross system, to generate the object program. In this case, errors during 

the assembling are also detected. 

(5) Hardware simulation is performed to confirm the program. 

The company provides four kinds of hardware, the H68SD5, the evaluation kit, 
the evaluation board and the EPROM on the package type microcomputer. The 
consumers are able to choose the best suitable tool. 

(§) The completed program is sent to the company in the form of EPROM or the 
object tape. 

(7) Options such as ROM is masked by the company, LSI is testatively produced 
and the sample is handed in to the user. After the user has evaluated the 
sample and confirmed that the program is correct, mass production is 
started. 
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Figure 1 Program Design Procedure 

# HITACHI 



DESIGN PROCEDURE AND SUPPORT TOOLS 
FOR 8-BIT SINGLE-CHIP MICROCOMPUTERS 



Table 1 System Development Support Tools 





Resident System 


Cross System 


Type No. 


Evaluation Kit 


Evaluation 
Board 


EPROM on 
the Package 


H68SD5 + Emulator Set 
(Hardware + Software) 


IBM 370 


Intel 
MDS2207230 


PDP-11/ 
VAX-11 


HD6801S0 
HD6801V0 


H61EVT2 (Hardware) 

+ 
S61MIX2-R (Software) 


- 


HD68P01V07 


H68SD5 + H61MIX1 


S31XSY1-T 


S31MDS1-F 
(ISIS-II) 

S31MDS2-F 
(CP/M) 


O 


HD6805S1 
HD6805S6* 


H65EVT2 (Hardware) 

+ 
S65MIX1-R (Software) 


- 


- 


H68SD5 + H65MIX1 


- 


S65MDS1-F 
(ISIS-II) . 

S35MDS1-F 
(ISIS-II) . 

S35MDS2-F 
(CP/M) 


- 


HD6805U1 
HD6805V1 


- 


HD68P05V07 


- 


- 


HD6805W1* 


H65EVT3 (Hardware) 

+ 
S65MIX1-R (Software) 


- 


HD68P05W0* 


H68SD5 + H65MIX2 


- 


- 


HD6301V1 


H31EVT1 (Hardware) 

+ 
S31MIX1-R (Software) 


- 


HD63P01M1 


H68SD5 + H31MIX1 


S31XSY1-T 


S31MDS1-F 

(ISIS-II) 
S31MDS2-F 

(CP/M) 


o 


HD6301X0* 


- 


H31EV01* 


HD63701X0** 


H68SD5 + H31MIX2 


o 


HD6301Y0 


— 


• • 


— 


H68SD5 + H31MIX3** 


o 


** 

HD6305U0 
HD6305V0** 


- 


.. 


- 


H68SD5 + ** 


- 


S65MDS1-F 

(ISIS-II) 
S35MDS1-F* 

(ISIS-II) 
S35MDS2-F* 

(CP/M) 


— 


HD6305X0* 


H35EVT1 

(Hardware + Software) 


H35EV00* 


HD63P05Y0** 


H68SD5 + H35MIX1 


- 




HD6305X1* 


— 




HD6305Y0* 


»• 


HD63P05Y0** 


- 




HD6305Y1* 


- 




HD63L05F1 


H3L5EVT1 (Hardware) 

+ 
S3L5MIX1-R (Software) 


H3L5EV00 


- 


H68SD5 + H3L5MIX1 


- 


- 



Preliminary ** Under development t EPROM On-chip Type O Available from Microtec. 
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DESIGN PROCEDURE AND SUPPORT TOOLS 
FOR 8-BIT SINGLE-CHIP MICROCOMPUTERS- 



SINGLE-CHIP MICROCOMPUTER DEVELOPMENT SYSTEM 



The H68SDS is a development system for Hitachi 4-bit and 
8-bit single-chip microcomputers. 

It is a compact HD6800-based CRT/ Key board microcom- 
puter terminal, with two Floppy disk drivers, and has standard 
interface for the TTY (RS-232C or TTL level) and printer (Cen- 
tronics parallel interface). An optional EPROM Writer is 
available. 

Features 

• Supports system development for 8-bit and 4-bit single-chip 
microcomputers. 



Disk based low cost system 

Provides the CRT Editor, Assembler, Emulator, and 
EPROM Writer controlled by FDOS-III 

56k-byte RAM 

Allows linking between the H68SDS and the I/O devices 
(TTY and Printer) 

Easy to debug user's prototype system using the Emulator 
Module 



System Configuration 



H68SD5 




• • • • 

• • • • 




ftHMM 



EPROM Writer 




I 8-bit single-chip micro- 
computer family 
HMCS40 series 
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DATA SHEETS 



Preliminary data sheets herein contain information on new products. Speci- 
fications and information are subject to change without notice. 

Advance Information data sheets herein contain information on products 
under development. Hitachi reserves the right to change or discontinue these 
products without notice. 



HD6801S0, HD6801S5 

MCU (Microcomputer Unit) 



The HD6801S MCU is an 8-bit microcomputer system 
which is compatible with the HMCS6800 family of parts. The 
HD6801S MCU is object code compatible with the HD6800 
with improved execution times of key instructions plus several 
new, 16-bit and 8-bit instructions including an 8x8 unsigned 
multiply with 16-bit result. The HD6801S MCU can operate 
as a single - chip microcomputer or be expanded to 65k 
words. The HD6801S MCU is TTL compatible and requires 
one +5.0 volt power supply. The HD6801S MCU has 2k 
bytes of ROM and 128 bytes of RAM on chip. Serial Com- 
munications interface (S.C.I.), and parallel I/O as well as a 
three function 16-bit timer. Features and Block diagram of 
the HD6801S include the following: 

■ FEATURES 

• Expanded HMCS6800 Instruction Set 

• 8 x 8 Multiply 

• On-Chip Serial Communications Interface (S.C.I.) 

• Object Code Compatible With The HD6800 MPU 

• 16-Bit Timer 

• Single Chip Or Expandable To 65k Words 

• 2k Bytes Of ROM 

• 128 Bytes Of RAM (64 Bytes Retainable On Power 
Down) 

• 29 Parallel I/O Lines And 2 Handshake Control Lines 

• Internal Clock/Divided-By-Four Circuitry 

• TTL Compatible Inputs And Outputs 

• Interrupt Capability 

• Compatible with MC6801 and MC6801-1 



■ BLOCK DIAGRAM 



u </><>- Sid 

> > XUftuZB 

Hill 



Pio — 

Pji — 

SC^- 



Port 
3 



lo 

IRQi 



CPU 

FFT 



-HMode 
ill 



p"*-- C Address 

P«— • ^ 



p.. 

P4« — 
P4» — 

p«»H 

P4 



Port 
4 



*S Timer 

I 



SCI 



— Ic^LlLI — h . ' I t 
mux TTTl Pry Po 2 rt : It: 

L=q[| J J=f — y 



-p*< 

P2I 

-P2; 

r^p*. 



V cc S<*vtt>y- 



128x8 
RAM 



IE 



— Pis 

— Pi* 



2kx8 
ROM 



HD6801S0P 
HD6801S5P 




(DP-40) 



PIN ARRANGEMENT 



v ssfT 





J3 E 


xtalQ 




1 SCt 


extalQE 




3 sc 2 


NMI rz 




13 P30 


iRQtE 




1 P31 


REsDE 




IP32 


VccE 




j3 P33 


P20H 




a •'34 


P2.II 




jl f36 


P 22 (JO 
P23G] 


HD6801S 


J3 ^e 
13 P37 


^24 (12 




2§ P40 


p .o{[3 




H^i 


p "S 




3^42 


e^m 




jl P43 


Pistil 




^P44 


PuQI 




EI P 45 


P.sGI 




3 P46 


P,e(H 




SP47 


p„(20 




v cc Standby 



(Top View) 



■ TYPE OF PRODUCTS 



MCU 


Bus Timing 


HD6801S0 


1 MHz 


HD6801S5 


1.25 MHz 
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HD6801S0,HD6801S5 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc* 


-0.3 ~ +7.0 


V 


Input Voltage 


v,„ * 


-0.3 ~ +7.0 


V 


Operating Temperature 


'opr 


~ + 70 


°C 


Storage Temperature 


T« 


-55~+150 


°C 



' With respect to V ss (SYSTEM GND) 

[NOTE] Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating 
conditions. If these conditions are exceeded, it could affect reliability of LSI. 



■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (V CC «5.0V±5%, Vss 



1 0V, Ta « ~ +70°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input "High" Voltage 


RES 


V,H 




4.0 


- 


Vcc 


v 


Other Inputs* 


2.0 


- 


Vcc 




Input "Low" Voltage 


All Inputs* 


Vil 




-0.3 


- 


0.8 


V 




P<w ~ P47 


Hinl 


Vin = ~ 2.4V 


- 


- 


0.5 




Input Load Current 


SC, 


- 


- 


0.8 


mA 




EXTAL 


V in =0~V C c 


- 


- 


0.8 




Input Leakage Current 


NMI, IRQ, , RES 


Hinl 


V in =0~ 5.25V 


- 


- 


2.5 


HA 


Three State (Offset) 


PlO ~ Pl7« ^30 ~P37 


Hts.I 


V in = 0.5 ~ 2.4V 


- 


- 


10 


»A 


Leakage Current 


P20 ~ P24 


- 


- 


100 




P30 "~ P37 


VqH 


l LOAD = -205 mA 


2.4 


- 


- 




Output "High" Voltage 


P40 "" P47, E, SC, , SC2 


'load = -145mA 


2.4 


- 


- 


V 




Other Outputs 


Iload = -100mA 


2.4 


- 


- 




Output "Low" Voltage 


All Outputs 


Vol 


'load = 1-6 mA 


- 


- 


0.5 


V 


Darlington Drive Current 


Pio ~ P17 


"'OH 


V out = 1.5V 


1.0 


- 


10.0 


mA 


Power Dissipation 


Pd 




- 


- 


1200 


mW 


Input Capacitance 


P30 ~ P37« P40 ~ P47. SCi 


Cjn 


V in = 0V, Ta = 25°C, 
f = 1.0 MHz 


- 


- 


12.5 


pF 


Other Inputs 


- 


- 


10.0 


Vcc Standby 


Powerdown 


v SBB 




4.0 


- 


5.25 


V 


Operating 


V SB 




4.75 


- 


5.25 


Standby Current 


Powerdown 


'SBB 


V SBB = 4.0V 


- 


- 


8.0 


mA 



'Except Mode Programming Levels. 
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HD6801S0,HD6801S5 



• AC CHARACTERISTICS 
BUS TIMING (Vcc = 5.0V±5%, Vss * OV, Ta - 



+70 C, unless otherwise noted.) 







Symbol 


Test Condition 


HD6801S0 


HD6801S5 


Unit 




mm 


typ 


max 


min 


typ 


max 


Cycle Time 


tcye 


Fig. 1 
Fig. 2 


1 


- 


10 


0.8 


- 


10 


Us 


Address Strobe Pulse Width "High" 


PW A sh 


200 


- 


- 


150 


- 


- 


ns 


Address Strobe Rise Time 


t AS r 


5 


- 


50 


5 


- 


50 


ns 


Address Strobe Fall Time 


tASf 


5 


- 


50 


5 


- 


50 


ns 


Address Strobe Delay Time 


*ASD 


60 


- 


- 


30 


- 


- 


ns 


Enable Rise Time 


t£r 


5 


- 


50 


5 


- 


50 


ns 


Enable Fall Time 


tEf 


5 


- 


50 


5 


- 


50 


ns 


Enable Pulse Width "High" Time 


PW EH 


450 


- 


- 


340 


- 


- 


ns 


Enable Pulse Width "Low" Time 


PWel 


450 


- 


- 


350 


- 


- 


ns 


Address Strobe to Enable. Delay Time 


*ASED 


60 


- 


- 


30 


- 


- 


ns 


Address Delay Time 


*AD 


- 


- 


260 


- 


- 


260 


ns 


Address Delay Time for Latch (f = 1 .0MHz) 


tADL 


- 


- 


270 


- 


- 


260 


ns 


Data Set-up Write Time 


tDSW 


225 


- 


- 


115 


- 


- 


ns 


Data Set-up Read Time 


t DSR 


80 


- 


- 


70 


- 


- 


ns 


Data Hold Time 


Read 


'hr 


10 


- 


- 


10 


- 


- 




Write 


tHW 


20 


- 


- 


20 


- 


- 




Address Set-up Time for Latch 


tASL 


60 


- 


- 


50 


- 


- 


ns 


Address Hold Time for Latch 


tAHL 


20 


- 


- 


20 


- 


- 


ns 


Address Hold Time 


tAH 


20 


- 


- 


20 


- 


- 


ns 


Peripheral Read 


Non-Multiplexed Bus 


(tACCN ) 


- 


- 


(610) 


- 


- 


(420) 




Access Time 


Multiplexed Bus 


(t ACCM ) 


- 


- 


(600) 


- 


- 


(420) 




Oscillator stabilization Time 


*RC 


Fig. 10 
Fig. 11 


100 


- 


- 


100 


- 


- 


ms 


Processor Control Set-up Time 


tpcs 


200 


- 


- 


200 


- 


- 


ns 



PERIPHERAL PORT TIMING (V C c = 5.0V ±5%, Vss = 0V, Ta = ~ +70°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Peripheral Data Setup Time 


Port 1,2, 3, 4 


tpDSU 


Fig. 3 


200 


- 


- 


ns 


Peripheral Data Hold Time 


Port 1,2, 3,4 


tPDH 


Fig. 3 


200 


- 


- 


ns 


Delay Time, Enable Positive Transition 
to OS3 Negative Transition 


tosDi 


Fig. 5 


- 


- 


350 


ns 


Delay Time, Enable Positive Transition 
to OS3 Positive Transition 


t0SD2 


Fig. 5 


- 


- 


350 


ns 


Delay Time, Enable Negative 
Transition to Peripheral Data 
Valid 


Port 1,2*. 3, 4 


tpWD 


Fig. 4 


- 


- 


400 


ns 


Delay Time, Enable Negative 
Transition to Peripheral 
CMOS Data Valid 


* 

Port 2**, 4 


tCMOS 


Fig. 4 


- 


- 


2.0 


MS 


Input Strobe Pulse Width 


tpwis 


Fig. 6 


200 


- 


- 


ns 


Input Data Hold Time 


port 3 


t.H 


Fig. 6 


50 


- 


- 


ns 


Input Data Set-up Time 


Port 3 


tis 


Fig. 6 


20 


- 


- 


ns 



"Except Pj, 



**10kn pull up register required for Port 2 
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HD6801S0,HD6801S5 

TIMER, SCI TIMING (V C c - 5.0V ±5%, Vss - 0V, Ta = ~ +70°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Timer Input Pulse Width 


tpwT 




2«cyc+200 


- 


- 


ns 


Delay Time, Enable Positive Transition to 
Timer Out 


t- roD 


Fig. 7 


- 


- 


600 


ns 


SCI Input Clock Cycle 


*Scyc 




1 


- 


- 


tcyc 


SCI Input Clock Pulse Width 


tpwSCK 




0.4 


- 


0.6 


tscyc 



MODE PROGRAMMING (V C c « 5.0V ±5%, Vss - 0V. Ta - ~ +70°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Mode Programming Input "Low" Voltage 


V MPL 


Fig. 8 


- 


- 


1.7 


V 


Mode Programming Input "High" Voltage 


Vmph 


4.0 


- 


- 


V 


RES" "Low" Pulse Width 


PWrstl 


3.0 


- 


- 


tcyc 


Mode Programming Set-up Time 


*MPS 


2.0 


- 


- 


tcyc 


Mode Programming 


rTES Rise Time ^ 1/is 


tlYIPH 





- 


- 


ns 


Hold Time 


RT-S Rise Time < 1/is 


100 


- 


- 



Address Strobe 
(AS) 



Enable 
(E) 



R/W Ag~A B 
(SCi' (Port4) 



MCU Write 
D„~D 7 ,A ~A, 
(Port 3) 



MCU Read 
D,~D,.A ~A, 
(Port 3) 




\ / Address \ / 



>t C 2"2V *r T t 2.0V ->r 
( CKT > ( «*-v«d \ 



■(*accm'" 
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Figure 1 Expanded Multiplexed Bus Timing 
HITACHI 



Enable 
<E) 




A c -A,(Port4) 
R,W (SC2) - 
R5S (SC.) 



MCU Write 
0,~D, - 
(Port 3) 



MCU Read 
D,~0, • 
(Port 3) 



■*AD- 



2.2V t C 
O.evV^ 



HD6801S0.HD6801S5 



tcyc 



-PW E „- 



Address Valid 



2.2Vj^" 

o.ev^ 



"*DSR- 



— t£f 



} 



Figure 2 Expanded Non-Multiplexed Bus Timing 



> 



/ \ 

/ Data Valid > 

\ J 



Enable(E) 



p ~ P 
p ~ p 

P ~ P 

Input* 

*v> - Pm 
Inputs* 



*PDSU 



2.4V jf- 1-2 

0.5V J f IVj 

7^1* H^DHf 

la Valid ^ 



2.4V 
0.5V 



2.0V 

6.bv 



*PDSU 



2.0V 
0.8V 



X 



'Port 3 Non-Latched Operation (LATCH ENABLE = 0) 

Figure 3 Data Set-up and Hold Times 
(MCU Read) 



r 



MCU Write 



Enable(E) 



\ f 



-'CMOS- 

-'PWD- * 



All Data 
Port Outputs 



• 0.7 V CC 



% 



6V 



(NOTE) 



1 . 10 kli Pullup resistor required for Port 2 to reach 0.7 Vcc 

2. Not applicable to P 

3. Port 4 cannot be pulled above V cc 

Figure 4 Port Data Delay Timing 
(MCU Write) 
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Enable(E) ~""""\ 2.4V 



MCU access of Port 3* 




'Access matches Output Strobe Select (OSS - 0, a read; 
0SS» 1, a write) 

Figure 5 Port 3 Output Strobe Timing 
(Single Chip Mode) 
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Figure 6 Port 3 Latch Timing 
(Single Chip Mode) 
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Figure 8 Mode Programming Timing 



Figure 7 Timer Output Timing 
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(b) TTL Load 



Figure 9 Bus Timing Test Loads 
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■ SIGNAL DESCRIPTIONS 

• VccandVSS 

These two pins are used to supply power and ground to the 
drip. The voltage supplied will be +5 volts ±5%. 

• XTAL ami EXTAL 

These connections are for a parallel reson. .t fundamental 
crystal, AT cut. Divide by 4 circuitry is included with the 
internal clock, so a 4 MHz crystal may be used to run the 
system at 1 MHz. The divide by 4 circuitry allows for use of the 
inexpensive 3.58 MHz Color TV crystal for non-time critical 
applications. Two 22pF capacitors are needed from the two 
crystal pins to ground to insure reliable operation. EXTAL may 
be driven by an external clock source at a 4 MHz rate to run at 
1 MHz with a 40/60% duty cycle. It is not restricted to 4 MHz, 
as it will divide by 4 any frequency less than or equal to 4 MHz. 
XTAL must be grounded if an external clock is used. The 
following are the recommended crystal parameters: 

Nominal Crystal Parameter 



\^rystal 
Item ^v. 


4 MHz 


5 MHz 


Co 


7 pF max. 


4.7 pF max. 


Rs 


60ft max. 


30n typ. 



XTAL 



EXTAL 



L__ I 

X 



1 

XT 

Figure 12 Crystal Interface 



Cu =C L 2=22pF±20% 
(3.2 ~ 5 MHz) 

[Note] These are representative 
AT cut parallel resonance 
crystal parameters. 



• Vcc Standby 

This pin will supply +5 volts ±5% to the standby RAM on the 
chip. The first 64 bytes of RAM will be maintained in the power 
down mode with 8 mA current max. The circuit of figure 13 
can be utilized to assure that V cc Standby does not go below 
Vsbb during power down. 

To retain information in the RAM during power down the 
following procedure is necessary: 

1) Write "0" into the RAM enable bit, RAM E. RAM E is bit 
6 of the RAM Control Register at location $0014. This 
disables the standby RAM, thereby protecting it at power 
down. 

2) Keep Vcc Standby greater than Vsbb- 



V cc Standby O f \4 — O Power Line 



l 



Figure 13 Battery Backup for V cc Standby 







• Reset (RES) 

This input is used to reset and start the MCU from a power 
down condition, resulting from a power failure or an initial 
startup of the processor. On power up, the reset m ust b e held 
"Low" for at least 100 ms. During operation, RES, when 
brought "Low", must be held "Low" at least 3 clock cycles. 

When a "High" level is detected, the MCU does the follow- 
ing: 

1) All the higher order address lines will be forced "High". 

2) I/O Port 2 bits 2, 1, and are latched into programmed 
control bits PC2, PC 1 and PC0. 

3) The last two ($FFFE, $FFFF) locations in memory will 
be used to load the program addressed by the program 
counter. 

4) The interrupt mask bit is set, must be cleared before the 
CPU can recognize maskable interrupts. 

• Enable (E) 

This supplies the external clock for the rest of the system 
when the internal oscillator is used. It is a single phase, TTL 
compatible clock, and will be the divide by 4 result of the 
crystal frequency. It will drive one TTL load and 90 pF. 

• Non-Maskable Interrupt (NMI) 

A low-going edge on this input requests that a non-maskable- 
interrupt sequence be generated within the processor. As with 
interrupt Request signal, the processor will complete the c urrent 
instruction that is being executed before it recognizes the NMI 
signal. The inte rrupt mask bit in the Condition Code Register 
has no effect on NML 

In response to an NMI interrupt, the Index Register, Program 
Counter, Accumulators, and Condition Code Register are stored 
on the stack. At the end of the sequence, a 16-bit address will 
be loaded that points to a vectoring address located in memory 
locations SFFFC and SFFFD. An address loaded at these loca- 
tions causes the CPU to branch to a non-maskable interrupt 
service routine in memory. 

A 3.3 kfi external resistor to Vcc should be used for 
wire-OR and optimu m con trol of interrupts. 

Inputs IRQ! and NMI are hardware interrupt lines that are 
sampled during E and will start the interrupt routine on the 
E following the completion of an instruction. 



• Interrupt Request (IRQ, ) 

This level sensitive input requests that an interrupt sequence 
be generated within the machine. The processor will wait until it 
completes the current instruction that it being executed before 
it recognizes the request. At that time, if the interrupt mask bit 
in the Condition Code Register is not set, the-machine will begin 
an interrupt sequence. The Index Register, Program Counter, 
Accumulators, and Condition Code Register are stored on the 
stack. Next the CPU will respond to the interrupt request by 
setting the interrupt mask bit "High" so that no further mask- 
able interrupts may occur. At the end of the cycle, a 16-bit 
address will be loaded that points to a vectoring address which is 
located in memory locations $FFF8 and $FFF9. An address 
loaded at these locations causes the CPU to branch to an inter- 
rupt ro utine in memory. 

The IRQ, requires a 3.3 kJi external resister to Vcc which 
should be used for wire-OR and optimum control of int errup ts. 
Internal Interrupts will use an interna l inte rrupt line (IRQ 2 ). 
This interrupt will operate the same as IRQ t except that i t will 
use the vector address of $FFF0 through $FFF7. IRQ, will 
have priority over IRQ 2 if both occur at the same time. The 
Interrupt Mask Bit in the condition code register masks both 
interrupts (See Table 1). 

HITACHI 47 



HD6801S0,HD6801S5 



Highest 
Priority 



Table 1 


Interrupt Vector Location 


Vector 


Interrupt 


MSB 


LSB 


FFFE 


FFFF 


RES 


FFFC 


FFFD 


NMi 


FFFA 


FFFB 


Software Interrupt (SWI) 


FFF8 


FFF9 


IRQ, (orlS3) 


FFF6 


FFF7 


ICF (Input Capture) 


PFF4 


FFF5 


OCF (Output Compare) 


FFF2 


FFF3 


TOF (Timer Overflow) 


FFFO 


FFF1 


SC, (RDRF + ORFE+TDRE) 



Lowest 
Priority 



The following pins are available in the Single Chip Mode, and 
are associated with Port 3 only. 

• Input Strobe (iS3) (SC! ) 

This sets an interrupt for the processor when the IS3 Enable 
bit is set. As shown in Figure 6 Input Strobe Timing, IS3 will 
fall tis minimum after data is valid on Port 3. If IS3 Enable is 
set in the I/O Port 3 Control/Status Register, an interrupt will 
occur. If the latch enable bit in the I/O Port 3 Control/Status 
Register is set, this strobe will latch the input data from another 
device when that device has indicated that it has valid data. 

• Output Strobe (653) (SC 2 ) 

This signal is used by the processor to strobe an external 
device, indicating valid data is on the I/O pins. The timing for 
the Output Strobe is shown in Figure 5 I/O Port 3 Control/ 
Status Register is discussed in the following section. 

The following pins are available in the Expanded Modes. 

• Read/Write (R/W) (SC 2 ) 

This TTL compatible output signals the peripherals and 
memory devices whether the CPU is in a Read ("High") or a 
Write ("Low") state. The normal standby state of this signal is 
Read ("High"). This output is capable of driving one TTL load 
and 90 pF. 

• I/O Strobe (idlHSCi) 

In the expanded non-multiplexed mode of operation, IOS 
internally decodes A 9 through Ais as zero's and A 8 as a one. 
This allows external access of the 256 locations from $0100 to 
$01FF. The timing diagrams are shown as figure 2. 

• Address Strobe (AS) (SC! ) 

In the expanded multiplexed mode of operation address 
strobe is output on this pin. This signal is used to latch the 8 
LSB's of address which are multiplexed with data on Port 3. An 
8-bit latch is utilized in conjunction with Address Strobe, as 
showq in figure 19. Expanded Multiplexed Mode. Address 
Strobe signals the latch when it is time to latch the address lines 
so the lines can become data bus lines during the E pulse. The 
timing for this singal is shown in Figure 1 of Bus Timing. This 
signal is also used to disable the address from the multiplexed 
bus allowing a deselect time, t^sD before the data is enabled to 
the bus. 



■ PORTS 

There are four I/O ports on the HD6801S MCU; three 8-bit 
ports and one 5-bit port. There are two control lines associated 
with one of the 8-bit ports. Each port has an associated write 
only Data Direction Register which allows each I/O line to be 
programmed to act as an input or an output*. A "1" in the 
corresponding Data Direction Register bit will cause that I/O 
line to be an output. A "0" in the corresponding Data Direction 
Register bit will cause that I/O line to be an input. There are 
four ports: Port 1, Port 2, Port 3, and Port 4. Their addresses 
and the addresses of their Data Direction registers are given in 
Table 2. 

* The only exception is bit 1 of Port 2, which can either be data 
input or Timer output. 

Table 2 Port and Data Direction Register Addresses 



Ports 


Port Address 


Data Direction 
Register Address 


I/O Port 1 
I/O Port 2 
I/O Port 3 
I/O Port 4 


$0002 
$0003 
$0006 
$0007 


$0000 
$0001 
$0004 
$0005 



• I/O Port 1 

This is an 8-bit port whose individual bits may be defined as 
inputs or outputs by the corresponding bit in its data direction 
register. The 8 output buffers have three-state capability, 
allowing them to enter a high impedance state when the. 
peripheral data lines are used as inputs. In order to be read 
properly, the voltage on the input lines must be greater than 2.0 
V for a logic "1" and less than 0.8 V for a logic "0". As out- 
puts, these lines are TTL compatible and may also be used as 
a source of up to 1 mA at 1 .5 V to directly drive a Darlington 
base. After Reset, the I/O lines are configured as inputs. In all 
three modes, Port 1 is always parallel I/O. 

• I/O Port 2 

This port has five lines that may be defined as inputs or 
outputs by its data direction register. The 5 output buffers have 
three-state capability, allowing them to enter a high impedance 
state when used as an input. In order to be read properly, the 
voltage on the input lines must be greater than 2.0 V for a 
logic "1" and less than 0.8 V for a logic "0". As outputs, this 
port has no internal pullup resistors but will drive TTL inputs 
directly. For driving CMOS inputs, external pullup resistors are 
required. After Reset, the I/O lines are configured as inputs. 
Three pins on Port 2 (pins 10, 9, and 8 of the chip) are used 
to program the mode of operation during reset. The values of 
these pins at reset are latched into the three MSB's (bits 7, 6, 
and 5) of Port 2 which are read only. This is explained in the 
Mode Selection Section. 

In all three modes, Port 2 can be configured as I/O and 
provides access to the Serial Communications Interface and the 
Timer. Bit 1 is the only pin restricted to data input or Timer 
output. 

• I/O Port 3 ^ 

This is an 8-bit port that can be configured as I/O, a data bus, 
or an address bus multiplexed with the data bus - depending on 
the mode of operation hardware programmed by the user at 
reset. As a data bus, Port 3 is bi-directional. As an input for 
peripherals, it must be supplied regular TTL levels, that is, 
greater than 2.0 V for a logic "1" and less than 0.8 V for a logic 
"0". 
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Its TTL compatible three-state output buffers are capable of 
driving one TTL load and 90 pF. In the Expanded Modes, after 
reset, the data direction register is inhibited and data flow 
depends on the state of the R/W line. The input strobe (IS3) 
and the output strobe (OS3) used for handshaking are explained 
later. 

In the three modes, Port 3 assumes the following charac- 
teristics: 

Single Chip Mode: Parallel Inputs/Outputs as programmed by 
its associated Data Direction Register. There are two control 
lines associated with this port in this mode, an input strobe and 
an output strobe, that can be used for handshaking. They are 
controlled by the I/O Port 3 Control/Status Register explained 
at the end of this section. Three options of Port 3 operations 
are sumarized as follows: (1) Port 3 i nput data can be latched 
using IS3 (SCi) as a control signal, (2) OS3 can be generated by 
eith er an CPU read or write to Port 3's Data Register, and (3) 
and IRQi interrupt can be enabled by an IS3 negative edge. 
Port 3 latch and strobe timing is shown in Fig. 5 and Fig. 6. 

Expanded Non-Multiplexed Mode: In this mode, Port 3 
becomes the data bus (D ~D 7 ). 

Expanded Multiplexed Mode: In this mode, Port 3 becomes 
both the data bus (D ~D 7 ) and lower bits of the address bus 
(A ~A 7 ). An address strobe output is true when the address is 
on the port. 

I/O PORT 3 CONTROL/STATUS REGISTER 

7 6 5 4 3 2 10 



$000F 

BitO; 
Bit 1 ; 
Bit 2; 
Bit 3; 





133 


X 


OSS 


LATCH 


X 


X 


X 


IS3 


mar 














FLAG 


ENABLE 






ENABLE 









Not used. 
Not used. 
Not used. 

LATCH ENABLE. This controls the input latch for I/O 
Port 3. If this bit is set "High" the input data will be 
latched with the falling edge of the Input Strobe, IS3. 
This bit is cleared by reset, and the latch is "re-opened" 
with CPU read Port 3. 

OSS. (Output Strobe Select) This bit will s elect if the 
Output Strobe should be generated at OS3 (SC 2 )by a 
write to I/O Port 3 or a read of I/O Port 3. When this bit 
is cleared the strobe is generated by a read Port 3. When 
this bit is set the strobe is generated by a write Port 3. 
Not used. 

IS3 IRQ, ENABLE. When set, interrupt will be enabled 
whenever IS3 FLAG is set; when clear, interrupt is 
inhibited. This bit is cleared by RES. 
IS3 FLAG. This is a read only status bit that is set by 
the falling edge of the input strobe, IS3 (SCi). It is 
cleared by a read of the Control/Status Register fol- 
lowed by a read or write of I/O Port 3. Reset will clear 
this bit. 



• I/O Port 4 

This is an 8-bit port that can be configured as I/O or as 
address lines depending on the mode of operation. In order to 
be read properly, the voltage on the input lines must be greater 
than 2.0 V for a logic "1" and less than 0.8 V for a logic "0". 

As outputs, each line is TTL compatible and can drive 1 TTL 



Bit 4; 



Bit 5; 
Bit 6; 



Bit 7: 



load and 90 pF. After reset, the lines are configured as inputs. 
To use the pins as addresses, therefore, they should be 
programmed as outputs. In the three modes, Port 4 assumes the 
following characteristics: 

Single Chip Mode: Parallel Inputs/Outputs as programmed by 
its associated Data Direction Register. 

Expanded Non-Multiplexed Mode: In this mode, Port 4 is 
configured as the lower order address lines (A ~A 7 )by writing 
one's to the data direction register. When all eight address lines 
are not needed, the remaining lines, starting with the most 
significant bit, may be used as I/O (inputs only). 

Expanded Multiplexed Mode: In this mode, Port 4 is 
configured as the higher order address lines (A 8 ~A 1S ) by writ- 
ing one's to the data direction register. When all eight address 
lines are not needed, the remaining lines, starting with the most 
significant bit, may be used as I/O (inputs only). 

■ OPERATION MODES 

The mode of operation that HD6801S will operate in after 
Reset is determined by hardware that the user must wire on pins 
10, 9, and 8 of the chip. These pins are the three LSB's (I/O 2, 
I/O 1 , and I/O respectively) of Port 2. They are latched into 
programmed control bits PC2, PCI, and PC0 when reset goes 
high. I/O Port 2 Register is shown below. 

PORT 2 DATA REGISTER 

7 6 5 4 3 2 10 

$0003 



PC2 


PCI 


PC0 


1/0 4 


I/O 3 


1/0 2 


1/0 1 


I/O 



An example of external hardware that could be used for 
Mode Selection is shown in Fig. 14. The HD14053B provides 
the isolation between the peripheral device and MCU during 
Reset, which is necessary if data conflict can occur between 
peripheral device and Mode generation circuit. 

As bits S, 6 and 7 of Port 2 are read only, the mode cannot 
be changed through software. The mode selections are shown in 
Table 3. 

The HD6801S is capable of operating in three basic modes; 
(1) Single Chip Mode, (2) Expanded Multiplexed Mode (com- 
patible with HMCS6800 peripheral family) (3) Expanded Non- 
Multiplexed Mode. 

• Single Chip Mode 

In the Single Chip Mode the Ports are configured for I/O. 

This is shown in Figure 16 the single Chip Mode. In this 
mode, Port 3 will have two associated control lines, an input 
strobe and an output strobe for handshaking data. 

• Expanded Non-Multiplexed Mode 

In this mode the HD6801S will directly address HMCS6800 
peripherals with no external logic. In this mode Port 3 becomes 
the data bus. Port 4 becomes the A ~A 7 address bus or partial 
address and I/O (inputs only). Port 2 can be parallel I/O, serial 
I/O, Timer, or any combination of them. Port 1 is parallel I/O 
only. In this mode the HD6801S is expandable to 256 locations. 
The eight address lines associated with Port 4 may be 
substituted for I/O (inputs only) if a fewer number of address 
lines will satisfy the application (See Figure 17). 
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J 



HD14053B 
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HD6801S 
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P 21 (PCD 
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[NOTES] 1) Mode 7 as shown 

2) RC*Reset time constant 

3) R,=10k« 



Iff 



Figure 14 Recommended Circuit for Mode Selection 
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Figure 15 HD14053B Multiplexers/Demultiplexers 
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Figure 16 HD6801S MCU Single-Chip Mode 
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Figure 17 HD6801S MCU Expanded Non-Multiplexed Mode 
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* Expanded Multiplexed Mode 

In this mode Port 4 becomes higher order address lines with 
an alternative of substituting some of the address lines for I/O 
(inputs only). Port 3 is the data bus multiplexed with the lower 
order address lines differentiated by an output called Address 
Strobe. Port 2 is 5 lines of Parallel I/O, SCI, Timer, or any 
combination of them. Port 1 is 8 Parallel I/O lines. In this mode 
it is expandable to 65k words. (See Figure 18). 

• Lower order Address Bus Latches 

Since the data bus is multiplexed with the lower order 
address bus in Port 3, latches are required to latch those address 
bits. The 74LS373 Transparent octal D-type latch can be used 
with the HD6801S to latch the least significant address byte. 
Figure 19 shows how to connect the latch to the HD6801S. 
The output control to the 74LS373 may be connected to 
ground. 



V cc Standby O- 



RES O- 



Port 1 /" \ 

8 I/O Lines \j 1/ 



Port 2 
51/0 
SCI 
Timer 



Lines/ \ 

vv 




Port 3 
8 Lines 
Multiplexed 
Data/Address 
»> Address Strobe 

Port 4 

To 8 Address 
Lines or To 
8 I/O Lines 
(Inputs Only) 



Figure 18 HD6801S MCU Expanded Multiplexed Mode 
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, Address: A ~A 7 



Data: D ~D, 



Function Table 



Output 


Enable 


Output 


Control 


G O 


Q 


L 


H H 


H 


L 


H L 


L 


L 


L X 


Q. 


H 


X X 


z 



Figure 19 Latch Connection 



• Mode and Port Summary MCU Signal Description 

This section gives a description of the MCU signals for the various modes. SC t and SC2 are signals which vary with the mode 
that the chip is in. 



MODE 


P0RT1 
Eight Lines 


PORT 2 
Five Lines 


PORT 3 
Eight Lines 


PORT 4 
Eight Lines 


SC, 


SCj 


SINGLE CHIP 


I/O 


I/O 


I/O 


I/O 


iS3(l) 


0S3(0) 


EXPANDED MUX 


I/O 


I/O 


ADDRESS BUS 

<Ao~A 7 ) 

DATA BUS 

(D ~D 7 ) 


ADDRESS BUS* 
(A 8 ~A 1S ) 


AS(O) 


R/W(0) 


EXPANDED NON-MUX 


I/O 


I/O 


DATA BUS 
(D ~D 7 ) 


ADDRESS BUS* 
(Ao~A 7 ) 


iOS(O) 


R/W(0) 



•These lines can be substituted for I/O (Input Only) starting with the most significant address line. 
I - Input TS3- Input Strobe SC * Strobe Control 

O - Output 0S3 - Output Strobe AS - Address Strobe 

R/W • Read/Write fOS - I/O Select 



HITACHI 



51 



HD6801S0,HD6801S5 



Table 3 Mode Selection Summary 



Mode 


(PC2) 


(PCD 


P*„ 
(PCO) 


ROM 


RAM 


Interrupt 
Vectors 


Bus 
Mode 


Operating 
Mode 


7 


H 


H 


H 


I 


I 


1 


1 


Single Chip 


6 


H 


H 


L 


I 


I 


1 


MUX<6) 


Multiplexed/Partial Decode 


5 


H 


L 


H 


I 


I 


1 


NMUX<6) 


Non-Multiplexed/Partial Decode 


4 


H 


L 


L 


,(2) 


|(1) 


1 


1 


Single Chip Test 


3 


L 


H 


H 


E 


E 


E 


MUX 


Multiplexed/No RAM & ROM 


2 


L 


H 


L 


E 


1 


E 


MUX 


Multiplexed/RAM 


1 


L 


L 


H 


I 


1 


E 


MUX 


Multiplexed/RAM & ROM 





L 


L 


L 


I 


1 


|(3) 


MUX 


Multiplexed Test 



LEGEND: 
I — Internal 
E — External 
MUX - Multiplexed 
NMUX - Non-Multiplexed 
L — Logic "0" 
H — Logic "1" 



[NOTES] 

1) Internal RAM is addressed at $XX80 

2) Internal ROM is disabled 

3) RES vector is external for 2 cycles after RES goes "High" 

4) Addresses associated with Ports 3 and 4 are considered external in Modes 0, 
1 , 2, and 3 

5) Addresses associated with Port 3 are considered external in Modes 5 and 6 

6) Port 4 default is user data input; address output is optional by writing to Port 4 
Data Direction Register 



■ MEMORY MAPS 

The MCU can provide up to 65k byte address space depend- 
ing on the operating mode. A memory map for each operating 
mode is shown in Figure 20. The first 32 locations of each map 
are reserved for the MCU's internal register area, as shown in 
Table 4. With exceptions as indicated. 



■ INTERRUPT FLOWCHART 

The Interrupt flow chart is depicted in Figure 24 and is com- 
mon to every interrupt excluding reset. 



Table 4 Internal Register Area 



Register 


Address 


Port 1 Data Direction Register*** 


00 


Port 2 Data Direction Register*** 


01 


Port 1 Data Register 


02 


Port 2 Data Register 


03 


Port 3 Data Direction Register*** 


04* 


Port 4 Data Direction Register*** 


05** 


Port 3 Data Register 


06" 


Port 4 Data Register 


07** 


Timer Control and Status Register 


08 


Counter (High Byte) 


09 


Counter (Low Byte) 


0A 


Output Compare Register (High Byte) 


0B 


Output Compare Register ( Low Byte) 


OC 


Input Capture Register (High Byte) 


0D 


Input Capture Register (Low Byte) 


0E 


Port 3 Control and Status Register 


OF* 


Rate and Mode Control Register 


10 


Transmit/Receive Control and Status Register 


11 


Receive Data Register 


12 


Transmit Data Register 


13 


RAM Control Register 


14 


Reserved 


15-1F 



' External address in Modes 0. 1, 2, 3, 5, 6; cannot be 
accessed in Mode 5 (No. IOS) 
' External addresses in Modes 0, 1 , 2, 3 
' 1 "Output, 0=lnput- 
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HD6801S 
Mode 







Multiplexed Test mode 
$0000< 1 >ew 



$001 F 
$0080 

$00FF 




$F800 



$FFFF<2) 




Internal Registers 
External Memory Space 

Internal RAM 



External Memory Space 



Internal ROM 

Internal Interrupt Vectors' 2 ' 



|NOTES| 

1 ) Excludes the following addresses which may 

be used externally: $04, $05, $06, $07 and $0F 

2) Addresses $FFFE and $FFFF are considered 
external if accessed within 2 cycles alter a 
positive edge of RES and internal at all other 
times. 

3) After 2 CPU cycles, there must be no over- 
lapping of internal and external memory 
spaces to avoid driving the data bus with more 
than one device. 

4) This mode is the only mode which may be used 
to examine the interrupt vectors in internal 
ROM using an external Reset vector. 



HD6801S 
Mode 



1 



Multiplexed/RAM & ROM 
$0000<1> 



$001 F 
$0080 
$00FF 




$F800 

$FFEF 
$FFF0 
$FFFF 




Internal Registers 
External Memory Space 
Internal RAM 

' External Memory Space 

Internal ROM 

External Interrupt Vectors 



[NOTES] 

1) Excludes the following addresses which may 
be used externally: $04, $05, $06, $07 and 
$0F. 

2) Internal ROM addresses $FFF0 to $FFFF are 
not usable. 



Figure 20 HD6801S Memory Maps 
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HD6801S 
Mode 



Multiplexed/RAM 
$00000) m, 




$00FF 



$FFF0 
$FFFF 



Internal Registers 
External Memory Space 

Internal RAM 



External Memory Space 



External Interrupt Vectors 



[NOTE] 

1) Excludes the following addresses which may 

be used externally: $04, $05, $06, $07, and 

$0F. 



HD6801S 
Mode 



Multiplexed/No RAM or ROM 




Internal Registers 



External Memory Space 



External Interrupt Vectors 



[NOTE] 

1 ) Excludes the following addresses which may 

be used externally: $04, $05, $06, $07 and 

$0F. 



Figure 20 HD6801S Memory Maps (Continued) 
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HD6801S 
Mode 



Single Chip Test 



Internal Registers 



Unusable' 1X4) 



$XX80| 

$xxffI 



Internal RAM 

Internal Interrupt Vectors 



[NOTES] 

1) The internal ROM is disabled. 

2) Mode 4 may be changed to Mode 5 without 
having to assert RESET by writing a "1 " into 
the PCO bit of Port 2 Data Register. 

3) Addresses A 8 to A ls are treated as "don't 
cares" to decode internal RAM. 

4) Internal RAM will appear at $XX80 to SXXFF. 



HD6801S 
Mode 



Non-Multiplexed/Partial Decode 

$0000<i> L 

Internal Registers 
$001 F 



Internal RAM 




External Memory Space 



$F800 



$FFFF 



Internal ROM 



Internal Interrupt Vectors 



[ NOTES! 

1 ) Excludes the following addresses which may 
not be used externally: $04, $06, and $0F. 
(No IOS) 

2) This mode may be entered without going 
through RES by using Mode 4 and sub- 
sequently writing a "1 " into the PCO bit of 
Port 2 Data Register. 

3) Address lines A ~A, will not contain address- 
es until the Data Direction Register for Port 4 
has been written with "1's" in the appropriate 
bits. These address lines will assert "1's" until 
made outputs by writing the Data Direction 
Register. 



Figure 20 HD6801S Memory Maps (Continued) 
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HD6801S 
Mode 



Multiplexed/Partial Decode 
$0000' 1 > 



$001 F 
$0080 

$00FF 




$F800 



$FFFF 




Internal Registers 
External Memory Space 

Internal RAM 



External Memory Space 



Internal ROM 

Internal Interrupt Vectors 



[NOTES] 

1 ) Excludes the following address which may be 
used externally: $04, $06, $0F. 

2) Address lines A,~A 1S will not contain 
addresses until the Data Direction Register for 
Port 4 has been written with "1's" in the 
appropriate bits. These address lines will 
assert "1 's" until made outputs by writing the 
Data Direction Register. 



HD6801S 
Mode 



Single Chip 




$0080 



$00FF 



Internal Registers 



Internal RAM 



$F800 



$FFFF 




Internal ROM 

Internal Interrupt Vectors 



Figure 20 HD6801S Memory Maps (Continued) 
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■ PROGRAMMABLE TIMER 

The HD6801S contains an on-chip 16-bit programmable 
timer which may be used to perform measurements on an input 
waveform while independently generating an output waveform. 
Pulse widths for both input and output signals may vary from a 
few microseconds to many seconds. The timer hardware consists 

of 

• an 8-bit control and status register, 

• a 16-bit free running counter, 

• a 16-bit output compare register, and 

• a 16-bit input capture register 

A block diagram of the timer registers is shown in Figure 21 . 

• Free Running Counter ($0009:000A) 

The key element in the programmable timer is a 16-bit free 
running counter which is driven to increasing values by E (En- 
able). The counter value may be read by the CPU software at 
any time. The counter is cleared to zero on RES and may be 
considered a read-only register with one exception. Any CPU 
write to the counter's address ($09) will always result in preset 
value of SFFF8 being loaded into the counter regardless of the 
value involved in the write. This preset figure is intended for 
testing operation of the part, but may be of value in some 
applications. 

• Output Compare Register ($000B:000C) 

The Output Compare Register is a 16-bit read/write register 
which is used to control an output waveform. The contents of 
this register are constantly compared with the current value of 
the free running counter. When a match is found, a flag is set 
(OCF) in the Timer Control and Status Register (TCSR) and the 
current value of the Output Level bit (OLVL) in the TCSR is 
clocked to the Output Level Register. Providing the Data 
Direction Register for Port 2, Bit 1 contains a "1" (Output), 



the output level register value will appear on the pin for Port 2 
Bit 1 . The values in the Output Compare Register and Output 
level bit may then be changed to control the output level on the 
next compare v alue. The Output Compare Register is set to 
SFFFF during RES. The Compare function is inhibited for 
one cycle following a write to the high byte of the Output 
Compare Register to insure a valid 16-bit value is in the register 
before a compare is made. 

• Input Capture Register ($000D:000E) 

The Input Capture Register is a 16-bit read-only register used 
to store the current value of the free running counter when the 
proper transition of an external input signal occurs. The input 
transition change required to trigger the counter transfer is 
controlled by the input Edge bit (IEDG) in the TCSR. The Data 
Direction Register bit for Port 2 Bit 0, should* be clear (zero) 
in order to gate in the external input signal to the edge detect 
unit in the timer. 

* With Port 2 Bit configured as an output and set to "1", the 
external input will still be seen by the edge detect unit. 

• Timer Control and Status Register (TCSR) ($0008) 

The Timer Control and Status Register consists of an 8-bit 
register of which all 8 bits are readable but only the low order 5 
bits may be written. The upper three bits contain read-only 
timer status information and indicate that: 

• a proper transition has taken place on the input pin with a 
subsequent transfer of the current counter value to the 
input capture register. 

• a match has been found between the value in the free 
running counter and the output compare register, and 

• when $0000 is in the free running counter. 

E ach of the flags" may be enabled onto the HD6801 internal 
bus (IRQ 2 ) with an individual Enable bit in the TCSR. If the 
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Figure 21 Block Diagram of Programable Timer 
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Timer Control and Status Register 
5 4 3 2 1 



OCF 



TOF 



EICI 



EOCI 



ETOI IEDG OLVL $0008 



I-bit in the HD6801S Condition Code Register has been cleared, 

a priority vectored interrupt will occur corresponding to the flag 

bit(s) set. A description for each bit follows: 

Bit OLVL Output Level - This value is clocked to the output 
level register on a successful output compare. If 
the DDR for Port 2 bit 1 is set, the value will 
appear on the output pin. 

Bit 1 IEDG Input Edge - This bit controls which transition of 
an input will trigger a transfer of the counter to 
the input capture register. The DDR for Port 2 Bit 
must be clear for this function to operate. IEDG 
= Transfer takes place on a negative edge 
("High"-to-"Low" transition). 
IEDG = 1 Transfer takes place on a positive edge 
("Low"-to-"High" transition). 

Bit 2 ETOI Enable Ti mer Ov erflow Interrupt - When set, this 
bit enables IRQ 2 to occur on the internal bus for a 
TOF interrupt; when clear the interrupt is in- 
hibited. 

Bit 3 EOCI Enable Output Com pare Interrupt - When set, 
this bit enables IRQ 2 to appear on the internal bus 
for an output compare interrupt; when clear the 
interrupt is inhibited. 

Bit 4 EICI Enable Inp ut Ca pture Interrupt- When set, this 
bit enables IRQ 2 to occur on the internal bus for 
an input capture interrupt; when clear the inter- 
rupt is inhibited. 

Bit 5 TOF Timer Overflow Flag — This read-only bit is set 
when the counter contains $FFFF. It is cleared by 
a read of the TCSR (with TOE set) followed by an 
CPU read of the Counter ($09). 

Bit 6 OCF Output Compare Flag - This read-only bit is set 
when a match is found between the output 
compare register and the free running counter. It is 
cleared by a read of the TCSR (with OCF set) 
followed by an CPU write to the output compare 
register (SOB or $0C). 

Bit 7 ICF Input Capture Flag - This read-only status bit is 
set by a proper transition on the input; it is cleared 
by a read of the TCSR (with ICF set) followed by 
an CPU read of the Input Capture Register ($0D). 



■ SERIAL COMMUNICATIONS INTERFACE 

The HD6801S contains a full-duplex asynchronous serial 
communications interface (SCI) on chip. The controller 
comprises a transmitter and a receiver which operate independ- 
ently or each other but in the same data format and at the same 
data rate. Both transmitter and receiver communicate with the 



CPU via the data bus and with the outside world via pins 2, 3, 
and 4 of Port 2. The hardware, software, and registers are ex- 
plained in the following paragraphs. 

• Wake-Up Feature 

In a typical multi-processor application, the software 
protocol will usually contain a destination address in the initial 
byte(s) of the message. In order to permit non-selected MCU's 
to ignore the remainder of the message, a wake-up feature is 
included whereby all further interrupt processing may be 
optionally inhibited until the beginning of the next message. 
When the next message appears, the hardware re-enables (or 
"wakes-up") the for the next message. The "wake-up" is 
automatically triggered by a string of ten consecutive l's which 
indicates an idle transmit line. The software protocol must 
provide for the short idle period between any two consecutive 
messages. 

• Programmable Options 

The following features of the HD6801S serial I/O section are 
programmable: 

• format — standard mark/space (NRZ) 

• Clock — external or internal 

• baud rate — one of 4 per given CPU <t> 2 clock frequency or 
external clock x8 input 

• wake-up feature - enabled or disabled 

• Interrupt requests — enabled or masked individually for 
transmitter and receiver data registers 

• clock output - internal clock enabled or disabled to Port 
2 (Bit 2) 

• Port 2 (bits 3 and 4) - dedicated or not dedicated to serial 
I/O individually for transmitter and receiver. 

• Serial Communications Hardware 

The serial communications hardware is controlled by 4 
registers as shown in Figure 22. The registers include: 

• an 8-bit control and status register 

• a 4-bit rate and mode control register (write only) 

• an 8-bit read only receive data register and 

• an 8-bit write only transmit data register. 

In addition to the four registers, the serial I/O section utilizes 
bit 3 (serial input) and bit 4 (serial output) of Port 2. Bit 2 of 
Port 2 is utilized if the internal-clock-out or external-clock-in 
options are selected. 

Transmit/Receive Control and Status (TRCS) Register 

The TRCS register consists of an 8-bit register of which all 8 
bits may be read while only bi ts 0~ 4 may be written. The 
register is initialized to $20 on RES. The bits in the TRCS 
register are defined as follows: 



Transmit/Receive Control and Status Register 



7 


6 


5 


4 


3 


2 


1 





RDRE 


ORFE 


TDRE 


RIE 


RE 


TIE 


TE 


WU 



ADDR : $0011 
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Bit 7 Rate and Mode Control Register Bit 





11 






CC1 


CCO 


SSI 


SSO 


$10 






Transmit/Receive Control and Status Register 








RDRF 


ORFElTDRE 


RIE 


RE 


TIE 


TE 


wu 


$11 






Receive Data Register 


$12 


















Port 2 




|H (Not Addressable 


Rx 
Bit 
3 




Receive Shift Register 






10 






n 
















Clock 
Bit 
2 






Bit Rate 
Generator 








12 




* 












(Not Addressable 




Transmit Shift Register 


1 


Tx 
Bit 
4 






* 










■ 






















S13 






F 


Transmit Data Register 
igure 22 Serial I/O Registers 







BitOWU "Wake-up" on Next Message - set by HD6801S 
software and cleared by hardware on receipt of 
ten consecutive l's or reset of RE flag. It should 
be noted that RE flag should be set in advance of 
CPU set of WU flag. 

Bit 1 TE Transmit Enable - set by HD6801S to produce 
preamble of nine consecutive l's and to enable 
gating of transmitter output to Port 2, bit 4 
regardless of the DDR value corresponding to this 
bit; when clear, serial I/O has no effect on Port 2 
bit 4. 

TE set should be after at least one bit time of data 
transmit rate from the set-up of transmit data 
rate and mode. 

Bit 2 TIE Tr ansmit Interrupt Enable — when set, will permit 
an IRQ 2 interrupt to occur when bit 5 (TDRE) is 
set; when clear, the TDRE value is masked from 
the bus. 

Bit 3 RE Receiver Enable - when set, gates Port 2 bit 3 to 
input of receiver regardless of DDR value for this 
bit; when clear, serial I/O has no effect on Port 2 
bit 3. 

Bit 4 RIE Re ceiver Interrupt Enable - when set, will permit 
an IRQ 2 interrupt to occur when bit 7 (RDRF) or 
bit 6 (ORFE) is set; when clear, the interrupt is 
masked. 

Bit 5 TDRE Transmit Data Register Empty - set by hardware 
when a transfer is made from the transmit data 
register to the output shift register. The TDRE bit 
is cleared by reading the status register, then 



writing a new byte into th e tra nsmit data register, 
TDRE is initialized to 1 by RES. 

Bit 6 ORFE Over-Run-Framing Error - set by hardware when 
an overrun or framing error occurs (receive only). 
An overrun is defined as a new byte received with 
last byte still in Data Register/Buffer. A framing 
error has occurred when the byte boundaries in bit 
stream are not synchronized to bit counter. The 
ORFE bit is cleared by reading the status register, 
then reading the Receive Data Register, or by 
RES. 

Bit 7 RDRF Receiver Data Register Full - Set by hardware 
when a transfer from the input shift register to the 
receiver data register is made. The RDRF bit is 
cleared by reading the status reg ister , then reading 
the Receive Data Register, or by RES. 

Rate and Mode Control Register 

The Rate and Mode Control register controls the following 
serial I/O variables: 

• Baud rate 

• format 

• clocking source, and 

• Port 2 bit 2 configuration 

The regi ster consists of 4 bits all of which are write-only and 
cleared on RES. The 4 bits in the register may be considered as 
a pair of 2-bit fields. The two low order bits control the bit rate 
for internal clocking and the remaining two bits control the 
format and clock select logic. The register definition is as 
follows: 



Rate and Mode Control Register 



7 


6 


5 


4 


3 2 


1 





X 


X 


X 


X 


CC1 I CCO 


SS1 


SSO 



ADDR .$0010 



HITACHI 



59 



HD6801S0,HD6801S5 



Bit SSO Speed Select - These bits select the Baud rate for 
Bit 1 SSI the internal clock. The four rates which may be 
selected are a function of the CPU <t> 2 clock 
frequency. Table 5 lists the available Baud rates. 



Bit 2 CCO Clock Control and Format Select - this 2-bit field 
Bit 3 CC1 controls the format and clock select logic. Table 6 
defines the bit field. 



Table 5 SCI Bit Times and Rates 



SS1 


SSO 


XTAL 


2.4576 MHz 


4.0 MHz 


4.9152 MHz* 


E 


614.4 kHz 


1.0 MHz 


1.2288 MHz 








E-M6 


26 jus/38,400 Baud 


16/xs/62,500Baud 


13«is/76.800Baud 





1 


E-M28 


208 jus/4,800 Baud 


128/is/7812.5Baud 


1 04.2 us/9,600 Baud 


1 





E-M024 


1 .67 ms/600 Baud 


1.024 ms/976.6 Baud 


833.3 jus/1 ,200 Baud 


1 


1 


E -r 4096 


6.67 ms/1 50 Baud 


4.096 ms/244.1 Baud 


3.33 ms/300 Baud 



HD6801S5Only 



Table 6 SCI Format and Clock Source Control 



CC1:CC0 


Format 


Clock Source 


Port 2 Bit 2 


Port 2 Bit 3 


Port 2 Bit 4 





- 


- 


- 


• * 


*» 


1 


NRZ 


Internal 


Not Used 


• * 


** 


1 


NRZ 


Internal 


Output* 


*# 


♦# 


1 1 


NRZ 


External 


Input 


** 


«* 



Clock output is available regardless of values for bits RE and TE. 

Bit 3 is used for serial input if RE = "1 " in TRCS; bit 4 is used for serial output if TE : 



"V'inTRCS. 



Internally Generated Clock 

If the user wishes for the serial I/O to furnish a clock, the 
following requirements are applicable: 

• the values of RE and TE are immaterial. 

• CC1 , CCO must be set to 10 

• the maximum clock rate will be E * 16. 

• the clock will be at lx the bit rate and will have a rising 
edge at mid-bit. 

Externally Generated Clock 

If the user wishes to provide an external clock for the serial 
I/O, the following requirements are applicable: 

• the CC1 , CCO, field in the Rate and Mode Control Register 
must be set to 1 1 , 

• the external clock must be set to 8 times (x8) the desired 
baud rate and 

• the maximum external clock frequency is 1 .0 MHz. 

• Serial Operations 

The serial I/O hardware should be initialized by the 
HD6801S software prior to operation. This sequence will 
normally consist of; 

• writing the desired operation control bits to the Rate and 
Mode Control Register and 

• writing the desired operational control bits in the Transmit/ 
Receive Control and Status Register. 

The Transmitter Enable (TE) and Receiver Enable (RE) bits 
may be left set for dedicated operations. 



Transmit Operations 

The transmit operation is enabled by the TE bit in the 
Transmit/Receive Control and Status Register. This bit when 
set, gates the output of the serial transmit shift register to Port 2 
Bit 4 and takes unconditional control over the Data Direction 
Register value f or Por t 2, Bit 4. 

Following a RES the user should configure both the Rate 
and Mode Control Register and the Transmit/Receive Control 
and Status Register for desired operation. Setting the TE bit 
during this procedure initiates the serial output by first 
transmitting a nine-bit preamble of l's. Following the preamble, 
internal synchronization is established and the transmitter 
section is ready for operation. 

At this point one of two situation exist: 

1) if the Transmit Data Register is empty (TDRE = 1), a 
continuous string of ones will be sent indicating an idle 
line, or, 

2) if data has been loaded into the Transmit Data Register 
(TDRE = 0), the word is transferred to the output shift 
register and transmission of the data word will begin. 

During the transfer itself, the start bit is first transmitted. 
Then the 8 data bits (beginning with bit 0) followed by the stop 
bit, are transmitted. When the Transmitter Data Register has 
been emptied, the hardware sets the TDRE flag bit. 

If the HD6801S fails to respond to the flag within the proper 
time, (TDRE is still set when the next normal transfer from the 
parallel data register to the serial output register should occur) 
then a 1 will be sent (instead of a 0) at "Start" bit time, 
followed by more l's until more data is supplied to the data 
register. No 0's will be sent while TDRE remains a 1 . 
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STBY 
PWR 


RAME 


X 


X 


X 


X 


X 


X 



Receive Operation 

The receive operation is enabled by the RE bit which gates in 
the serial input through Port 2 Bit 3. The receiver section 
operation is conditioned by the contents of the Transmit/ 
Receive Control and Status Register and the Rate and Mode 
Control Register. 

The receiver bit interval is divided into 8 sub-intervals for 
internal synchronization. In the NRZ Mode, the received bit 
stream is synchronized by the first (space) encountered. 

The approximate center of each bit time is strobed during 
the next 10 bits. If the tenth bit is not a 1 (stop bit) a framing 
error is assumed, and bit ORFE is set. If the tenth bit as a 1 , the 
data is transferred to the Receive Data Register, and interrupt 
flag RDRF is set. -If RDRF is still set at the next tenth bit time, 
ORFE will be set, indicating an over-run has occurred. When the 
HD6801S responds to either flag (RDRF or ORFE) by reading 
the status register followed by reading the Data Register, RDRF 
(or ORFE) will be cleared. 

■ RAM CONTROL REGISTER 

This register, which is addressed at $0014, gives status 
information about the standby RAM. A in the RAM enable 
bit (RAM E) will disable the standby RAM, thereby protecting 
it at power down if Vcc Standby is held greater than Vsbb 
volts, as explained previously in the signal description for Vcc 
Standby. 

RAM Control Register 



$0014 



Bit Not used. 

Bit 1 Not used. 

Bit 2 Not used. 

Bit 3 Not used. 

Bit 4 Not used. 

Bit S Not used. 

Bit 6 RAME The RAM Enable control bit allows the user the 
ability to disable the s tandby RAM. This bit is set 
to a logic "1" by RES which enables the standby 
RAM and can be written to one or zero uner pro- 
gram control. When the RAM is disabled, data is 
read from external memory. 

Big 7 STBY The Standby Power bit is cleared when the stand- 
PWR by voltage is removed. This bit is a read/write sta- 
tus flag that the user can read which indicates that 
the standby RAM voltage has been applied, and 
the data in the standby RAM is valid. 

■ GENERAL DESCRIPTION OF INSTRUCTION SET 

The HD6801S is upward object code compatible with the 
HD6800 as it implements the full HMCS6800 instruction set. 
The execution times of key instructions have been reduced to 
increase throughout. In addition, new instructions have been 
added; these include 16-bit operations and a hardware multiply. 

Included in the instruction set section are the following: 

* CPU Programming Model (Figure 23) 

* Addressing modes 

• Accumulator and memory instructions — Table 7 

• New instructions 

* Index register and stack manipulations instructions — Table 
8 

• Jump and branch instructions - Table 9 



• Condition code register manipulation instructions- Table 10 

• Instructions Execution times in machine cycles - Table 
11 

• Summary of cycle by cycle operation - Table 1 2 

• Op codes Map - Table 13 

• CPU Programming Model 

The programming model for the HD6801S is shown in Figure 
23. The double (D) accumulator is physically the same as the 
Accumulator A concatenated with the Accumulator B so that 
any operation using accumulator D will destroy information in 
A and B. 



IT 



8-Bit Accumulators A and B 

Or 16-Bit Double Accumulator D 



01 Index Register IX) 



01 Stack Pointer (SP) 



01 Program Counter (PC) 



1 I 1 H I I I N I Z I V | C I Condition Code Register (CCR) 



IE 



Carry/Borrow from MSB 

Overflow 

Zero 

Negative 

Interrupt 

Half Carry (From Bit 3) 



Figure 23 CPU Programming Model 



• CPU Addressing Modes 

The HD6801S eight-bit microcomputer unit has seven 
address modes that can be used by a programmer, with the 
addressing mode a function of both the type of instruction and 
the coding within the instruction. A summary of the addressing 
modes for a particular instruction can be found in Table 11 
along with the associated instruction execution time that is 
given in machine cycles. With a clock frequency of 4 MHz, these 
times would be microseconds. 
Accumulator (ACCX) Addressing 

In accumulator only addressing, either accumulator A or 
accumulator B is specified. These are one-byte instructions. 
Immediate Addressing 

In immediate addressing, the operand is contained in the 
second byte of the instruction except LDS and LDX which have 
the operand in the second and third bytes of the instruction. 
The CPU addresses this location when it fetches the immediate 
instruction for execution. These are two or three-byte instruc- 
tions. 



HITACHI 



61 



HD6801S0,HD6801S5 



Table 7 Accumulator & Memory Instructions 



Operations 


Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic Operation 


Condition Code 
Register 


IMMED. 


DIRECT 


INDEX 


EXTEND 


IMPLIED 


5 


4 


3 


2 


1 







OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


H 


1 


N 


Z 


V 


C 


Add 


ADDA 


8B 


2 


2 


9B 


3 


2 


AB 


4 


2 


BB 


4 


3 








A + B-* A 


X 






X 




t 




ADDB 


CB 


2 


2 


DB 


3 


2 


EB 


4 


2 


FB 


4 


3 








B +M-B 


X 






X 




X 


Add Double 


ADDD 


C3 


4 


3 


D3 


5 


2 


P3 


6 


2 


F3 


6 


3 








A : B + M: M + 1-* A : B 


• 






X 




X 


Add Accumulators 


ABA 


























IB 


2 


1 


A + B- A 


X 






X 




X 


Add With Carry 


ADCA 


89 


2 


2 


99 


3 


2 


A9 


4 


2 


B9 


4 


3 








A+M+C-A 


X 






X 




X 




ADCB 


C9 


2 


2 


D9 


3 


2 


E9 


4 


2 


F9 


4 


3 








B + M + C-* B 


X 






X 




X 


AND 


ANDA 


84 


2 


2 


94 


3 


2 


A4 


4 


2 


B4 


4 


3 








A'M-A 








X 


R 


• 




ANDB 


C4 


2 


2 


D4 


3 


2 


E4 


4 


2 


F4 


4 


3 








B«M-»B 








X 


R 


• 


Bit Test 


BIT A 


85 


2 


2 


95 


3 


2 


A5 


4 


2 


B5 


4 


3 








A'M 








X 


R 


• 




BITB 


C5 


2 


2 


D5 


3 


2 


E5 


4 


2 


F5 


4 


3 








B-M 








X 


R 


• 


Clear 


CLR 














6F 


6 


2 


7F 


6 


3 








00 -M 






R 


s 


R 


R 




CLRA 


























4F 


2 


1 


00^ A 






R 


s 


R 


R 




CLRB 


























5F 


2 


1 


00 -B 






R 


s 


R 


R 


Compare 


CMPA 


81 


2 


2 


91 


3 


2 


A1 


4 


2 


B1 


4 


3 








A-M 








X 


X 


X 




CMPB 


CI 


2 


2 


D1 


3 


2 


E1 


4 


2 


F1 


4 


3 








B-M 








X 


X 


X 


Compare 
Accumulators 


CBA 


























11 


2 


1 


A-B 








X 


X 


X 


Complement, 1's 


COM 














63 


6 


2 


73 


6 


3 








M-> M 








X 


R 


s 




COMA 


























43 


2 


1 


A -A 








X 


R 


s 




COMB 


























53 


2 


1 


B -B 








X 


R 


s 


Complement, 2's 


NEG 














60 


6 


2 


70 


6 


3 








00-M-M 








X 


® 


@ 


(Negate) 


NEGA 


























40 


2 


1 


00 - A - A 








X 


® 


® 




NEGB 


























50 


2 


1 


00- B -B 








X 


® 


■® 


Decimal Adjust, A 


DAA 


























19 


2 


1 


Converts binary add of BCD 
characters. into BCD format 








X 


X 


® 


Decrement 


DEC 














6A 


6 


2 


7A 


6 


3 








M-1 -M 








X 


<D 






DECA 


























4A 


2 


1 


A - 1 -* A 








X 


® 






DECB 


























5A 


2 


1 


B - 1 -B 








X 


® 




Exclusive OR 


EORA 


88 


2 


2 


98 


3 


2 


A8 


4 


2 


B8 


4 


3 








A© M- A 








X 


R 






EORB 


C8 


2 


2 


D8 


3 


2 


E8 


4 


2 


F8 


4 


3 








B ©M- B 








X 


R 




Increment 


INC 














6C 


6 


2 


7C 


6 


3 








M + 1 -M 








X 


® 






INCA 


























4C 


2 


1 


A + 1 - A 








X 


® 






INCB 


























5C 


2 


1 


B +1-> B 








X 


® 




Load 


LDAA 


86 


2 


2 


96 


3 


2 


A6 


4 


2 


B6 


4 


3 








M-» A 








X 


R 




Accumulator 


LDAB 


C6 


2 


2 


D6 


3 


2 


E6 


4 


2 


F6 


4 


3 








M-B 








X 


R 




Load Double 
Accumulator 


LDD 


CC 


3 


3 


DC 


4 


2 


EC 


5 


2 


FC 


5 


3 








M + 1 - B. M-> A 








X 


R 




Multiply Unsigned 


MUL 


























3D 


10 


1 


AxB->A:B 






• 


• 


• 


® 


OR, Inclusive 


ORAA 


8A 


2 


2 


9A 


3 


2 


AA 


4 


2 


BA 


4 


3 








A + M-" A 








X 


R 






ORAB 


CA 


2 


2 


DA 


3 


2 


EA 


4 


2 


FA 


4 


3 








B + M-+ B 








X 


R 




Push Data 


PSHA 


























36 


3 


1 


A-Msp,SP-1-SP 






• 


• 


• 






PSHB 


























37 


3 


1 


B - Msp, SP - 1 - SP 






• 


• 


• 




Pull Data 


PULA 


























32 


4 


1 


SP + 1 - SP, Msp -* A 






• 


• 


• 






PULB 


























33 


4 


1 


SP + 1 - SP, Msp -♦ B 






• 


• 


• 




Rotate Left 


ROL 














69 


6 


2 


79 


6 


3 








M, i ~ — I 










® 






ROLA 


























49 


2 


1 


^J 111111 ^ 










® 






ROLB 


























59 


2 


1 










® 




Rotate Right 


ROR 














66 


6 


2 


76 


6 


3 








hit 










® 










RORA 


























46 


2 


1 


^^J 1111 "^ 










® 






RORB 


























56 


2 


1 










® 


X 



The Condition Code Register notes are listed after Table 10. 
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Table 7 Accumulator & Memory Instructions (Continued) 





Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic Operation 


Condition Code 
Register 


Operations 


IMMED. 


DIRECT 


INDEX 


EXTEND 


IMPLIED 


5 


4 


3 


2 


1 







OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


H 


1 


N 


Z 


V 


C 


Shift Left 


ASL 














68 


6 


2 


78 


6 


3 








M, «, 










© 




Arithmetic 


ASLA 


























48 


2 


1 


a | H 1 I 1 1 1 1 1 h-o 










® 






ASLB 


























58 


2 


1 


B ) C b7 bO 










(D 






ASLD 


























05 


3 


1 












© 




Double Shift 
Left, Arithmetic 






1 W aCC a/ ACC B [*-o 

C A7 AO B7 BO 




Shift Right 


ASR 














67 


6 


2 


77 


6 


3 








M ) 1 1 *■ 










© 




Arithmetic 


ASRA 


























47 


2 


1 


A U|'| | | | | | | W 1 
B ] b7 bO T 










© 






ASRB 


























57 


2 


1 










© 




Shift Right 


LSR 














64 


6 


2 


74 


6 


3 








M, >- 








x 


® 




Logical 


LSRA 


























44 


2 


1 


a «H 1 1 1 1 1 1 1 HI 

B j b7 bo r 










© 






LSRB 


























54 


2 


1 










© 






LSRD 


























04 


3 


1 


»■ 






R 




© 




Double Shift 
Right Logical 


0-^j ACC A/ ACC B H 1 
A7 AO B7 BO C 




Store 


STAA 








97 


3 


2 


A7 


4 


2 


B7 


4 


3 








A- M 










R 




Accumulator 


STAB 








D7 


3 


2 


E7 


4 


2 


F7 


4 


3 








B - M 










R 




Store Double 
Accumulator 


STD 








DD 


4 


2 


ED 


5 


2 


FD 


5 


3 








A-M 
B — M + 1 










R 




Subtract 


SUB A 


80 


2 


2 


90 


3 


2 


AO 


4 


2 


BO 


4 


3 








A-M -A 
















SUBB 


CO 


2 


2 


DO 


3 


2 


EO 


4 


2 


FO 


4 


3 








B -M-B 














Double Subtract 


SUBD 


83 


4 


3 


93 


5 


2 


A3 


6 


2 


B3 


6 


3 








A : B -M : M+ 1— A : B 














Subtract 
Accumulators 


SBA 


























10 


2 


1 


A-B-> A 














Subtract 


SBCA 


82 


2 


2 


92 


3 


2 


A2 


4 


2 


B2 


4 


3 








A-M-C-* A 














With Carry 


SBCB 


C2 


2 


2 


D2 


3 


2 


E2 


4 


2 


F2 


4 


3 








B -M-C-B 














Transfer 


TAB 


























16 


2 


1 


A-B 










R 




Accumulators 


TBA 


























17 


2 


1 


B- A 










R 


• 


Test Zero or 


TST 














6D 


6 


2 


7D 


6 


3 








M-00 










R 


R 


Minus 


TSTA 


























4D 


2 


1 


A -00 










R 


R 




TSTB 


























5D 


2 


1 


B -00 










R 


R 



The Condition Code Register notes are listed after Table 10. 



Direct Addressing 

In direct addressing, the address of the operand is contained 
in the second byte of the instruction. Direct addressing allows 
the user to directly address the lowest 256 bytes in the machine 
i.e., locations zero through 255. Enhanced execution times are 
achieved by storing data in these locations. In most configura- 
tions, it should be a random access memory. These are two-byte 
instructions. 
Extended Addressing 

In extended addressing, the address contained in the second 
byte of the instruction is used as the higher eight-bits of the 
address of the operand. The third byte of the instruction is used 
as the lower eight-bits of the address for the operand. This is an 
absolute address in memory. These are three-byte instructions. 
Indexed Addressing 

In indexed addressing, the address contained in the second 
byte of the instruction is added to the index register's lowest 



eight bits in the CPU. The carry is then added to the higher 
order eight bits of the index register. This result is then used to 
address memory. The modified address is held in a temporary 
address register so there is no change to the index register. These 
are two-byte instructions. 
Implied Addressing 

In the implied addressing mode the instruction gives the 
address (i.e., stack pointer, index register, etc.). These are 
one-byte instructions. 
Relative Addressing 

In relative addressing, the address contained in the second 
byte of the instruction is added to the program counter's lowest 
eight bits plus two. The carry or borrow is then added to the 
high eight bits. This allows the user to address data within a 
range of -126 to +129 bytes of the present instruction. These 
are two-byte instructions. 
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• New Instructions 

In addition to the existing 6800 Instruction Set, the following new instructions are 
incorporated in the HD6801S Microcomputer. 

ABX Adds the 8-bit unsigned accumulator B to the 16-bit X-Register taking into account 

the possible carry out of the low order h <e of the X-Register. 
ADDD Adds the double precision ACCD* to l, double precision value M:M+1 and places 

the results in ACCD. 
ASLD Shifts all bits of ACCD one place to the left. Bit is loaded with zero. The C bit is 

loaded from the most significant bit of ACCD. 
LDD Loads the contents of double precision memory location into the double 

accumulator A:B. The condition codes are set according to the data. 
LSRD Shifts all bits of ACCD one place to the right. Bit IS is loaded with zero. The C bit 

is loaded from the least significant bit to ACCD. 
MUL Multiplies the 8 bits in accumulator A with the 8 bits in accumulator B to obtain a 

16-bit unsigned number in A:B, ACCA contains MSB of result. 
PSHX The contents of the index register is pushed onto the stack at the address contained 

in the stack pointer. The stack pointer is decremented by 2. 
PULX The index register is pulled from the stack- beginning at the current address 

contained in the stack pointer +1. The stack pointer is incremented by 2 in total. 
STD Stores the contents of double accumulator A:B in memory. The contents of ACCD 

remain unchanged. 
SUBD Subtracts the contents of M:M + 1 from the contents of double accumulator AB 

and places the result in ACCD. 
BRN Never branches. If effect, this instruction can be considered a two byte NOP (No 

operation) requiring three cycles for execution. 

CPX Internal processing modified to permit its use with any conditional branch in- 
struction. 

•ACCD is the 16 bit register (A:B) formed by concatenating the A and B accumulators. The Accumu- 
lator is the most significant byte. 



Table 8 Index Register and Stack Manipulation Instructions 





Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic Operation 


Condition Code 
Register 


Pointer Operations 


IMMED. 


DIRECT 


INDEX 


EXTND 


IMPLIED 


5 


4 


3 


2 


1 







OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


H 


1 


N 


Z 


V 


C 


Compare Index Reg 


CPX 


8C 


4 


3 


9C 


5 


2 


AC 


6 


2 


BC 


6 


3 








X-M: M + 1 








t 


t 


t 


Decrement Index Reg 


DEX 


























09 


3 


1 


X-1-+X 








t 


• 


• 


Decrement Stack Pntr 


DES 


























34 


3 


1 


SP - 1 -* SP 














Increment Index Reg 


INX 


























08 


3 


1 


X + 1-X 








t 


• 


• 


Increment Stack Pntr 


INS 


























31 


3 


1 


SP + 1 -* SP 














Load Index Reg 


LDX 


CE 


3 


3 


DE 


4 


2 


EE 


5 


2 


FE 


5 


3 








M->X H , (M + 1)-»X L 






(2) 


t 


R 


• 


Load Stack Pntr 


LDS 


8E 


3 


3 


9E 


4 


2 


AE 


5 


2 


BE 


5 


3 








M-SP H , <M+1)-SP L 






© 


t 


R 


• 


Store Index Reg 


STX 








DF 


4 


2 


EF 


5 


2 


FF 


5 


3 








X H -M, X L -(M + 1) 






® 


t 


R 


• 


Store Stack Pntr 


STS 








9F 


4 


2 


AF 


5 


2 


BF 


5 


3 








SP H -M,SP L -(M + 1) 






<D 


t 


R 


• 


Index Reg -+ Stack Pntr 


TXS 


























35 


3 


1 


X - 1 - SP 














Stack Pntr-* Index Reg 


TSX 


























30 


3 


1 


SP + 1 -» X 














Add 


ABX 


























3A 


3 


1 


B + X-X 














Push Data 


PSHX 


























3C 


4 


1 


Xl-* m «p.sp-i-sp 

Xh-M^SP-I-SP 














Pull Data 


PULX 


























38 


5 


1 


SP + 1 - SP, M,p - X H 
SP + 1 -» SP, M,p - X L 















The Condition Code Register notes are listed after Table 10. 
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Mnemonic 


Addressing Modes 


Branch Test 


Condition Code 
Register 


Operations 


RELATIVE 


DIRECT 


INDEX 


EXTND 


IMPLIED 


5 


4 


3 


2 


i 







OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


H 


I 


N 


Z 


V 


c 


Branch Always 


BRA 


20 


3 


2 


























None 














Branch Never 


BRN 


21 


3 


2 


























None 














Branch If Carry Clear 


BCC 


24 


3 


2 


























C = 














Branch If Carry Set 


BCS 


25 


3 


2 


























C=1 














Branch If » Zero 


BEQ 


27 


3 


2 


























Z = 1 














Branch If > Zero 


BGE 


2C 


3 


2 


























N © V = 














Branch If > Zero 


BGT 


2E 


3 


2 


























Z + (N© V) = 














Branch If Higher 


BHI 


22 


3 


2 


























c + z = o 














Branch If < Zero 


BLE 


2F 


3 


2 


























Z + (N© V) = 1 














Branch If Lower Or 
Same 


BLS 


23 


3 


2 


























C + Z = 1 














Branch If < Zero 


BLT 


2D 


3 


2 


























N © V= 1 














Branch If Minus 


BMI 


2B 


3 


2 


























N = 1 














Branch If Not Equal 
Zero 


BNE 


26 


3 


2 


























z = o 














Branch If Overflow 
Clear 


BVC 


28 


3 


2 


























v = o 














Branch If Overflow Set 


BVS 


29 


3 


2 


























V = 1 














Branch If Plus 


BPL 


2A 


3 


2 


























N = 














Branch To Subroutine 


BSR 


8D 


6 


2 








































Jump 


JMP 














6E 


3 


2 


7E 


3 


3 




















Jump To Subroutine 


JSR 








9D 


5 


2 


AD 


6 


2 


BD 


6 


3 




















No Operation 


NOP 


























01 


2 


1 


Advances Prog. Cntr. 
Only 














Return From Interrupt 


RTI 


























3B 


10 


1 






D 




Return From 
Subroutine 


RTS 


























39 


5 


1 














Software Interrupt 


SWI 


























3F 


12 


1 


• 


S 


• 


• 


• 


• 


Wait for Interrupt 


WAI 


























3E 


9 


1 


• 


<S> 


• 


• 


• 


• 



Table 10 Condition Code Register Manipulation Instructions 





Mnemonic 


AddressingModes 


Boolean Operation 


Condition Code Register 


Operations 


IMPLIED 


5 


4 


3 


2 


1 







OP 


~ 


# 


H 


1 


N 


Z 


V 


C 


Clear Carry 


CLC 


0C 


2 


1 


0-h-C 




• 






• 


R 


Clear Interrupt Mask 


CD 


0E 


2 


1 


0- I 




R 






• 


• 


Clear Overflow 


CLV 


0A 


2 


1 


0- V 




• 






R 


• 


Set Carry 


SEC 


0D 


2 


1 


1 -C 




• 






• 


s 


Set Interrupt Mask 


SEI 


OF 


2 


1 


1 - 1 




S 






• 


• 


Set Overflow 


SEV 


OB 


2 


1 


1 -+ V 




• 






S 


• 


Accumulator A -* CCR 


TAP 


06 


2 


1 


A-» CCR 


rift 




CCR -* Accumulator A 


TPA 


07 


2 


1 


CCR- A 


.|.|.|.|.|. 



Condition Code Register Notes: (Bit set it test is true and cleared otherwise) 

(BitV) Test: Result = 10000000? 

® (BitC) Test: Result * 00000000? 

® (Bit C) Test: Decimal value of most significant BCD Character greater than nine? (Not cleared if previously set) 

®(BitV) Test: Operand = 10000000 prior to execution? 

® (Bit V) Test: Operand = 01111111 prior to execution? 

® (Bit V) Test: Set equal to result of N©C after shift has occurred. 

® (Bit N) Test: Result less than zero? (Bit 15=1) 

® (All) Load Condition Code Register from Stack. (See Special Operations) 

® (Bit I) Set when interrupt occurs. If previously set, a Non-Maskable Interrupt is required to exit the wait state. 

® (All) Set according to the contents of Accumulator A. 

® (Bit C) Set equal to result of Bit 7 (AccB) 
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Table 11 Instruction Execution Times in Machine Cycles 



ACCX 



ABA 

ABX 

ADC 

ADO 

ADDD 

AND 

ASL 

ASLO 

ASR 

BCC 

BCS 

BEQ 

BGE 

BGT 

BHI 

BIT 

BLE 

BLS 

BLT 

BMI 

BNE 

BPL 

BRA 

BRN 

BSR 

BVC 

BVS 

CBA 

CLC 

CLI 

CLR 

CLV 

CMP 

COM 

CPX 

DAA 

DEC 

DES 

DEX 

EOR 

INC 

INS 



Imme- 
diate 



Direct 



Ex- In- Im- 

tended dexed plied 

• • 2 



Re- 
lative 



ACCX 



INX 

JMP 

JSR 

LDA 

LDD 

LDS 

LDX 

LSR 

LSRD 

MUL 

NEG 

NOP 

ORA 

PSH 

PSHX 

PUL 

PULX 

ROL 

ROR 

RTI 

RTS 

SBA 

SBC 

SEC 

SEI 

SEV 

STA 

STD 

STS 

STX 

SUB 

SUBD 

SWI 

TAB 

TAP 

TBA 

TPA 

TST 

TSX 

TXS 

WAI 



Imme- 
diate 



Direct 



Ex- In- 
tended dexed 



Im- 
plied 

3 



Re- 
lative 
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• Summary of Cycle by Cycle Operation 

Table 12 provides a detailed description of the information 
present on the Address Bus, Data Bus, and the Read/Write line 
(R/W) during each cycle for each instruction. 

This information is useful in comparing actual with expected 
results during debug of both software and hardware as the 



control program is executed. The information is categorized in 
groups according to addressing mode and number of cycles per 
instruction. (In general, instructions with the same addressing 
mode and number of cycles execute in the same manner; ex- 
ceptions are indicated in the table). 



Table 1 2 Cycle by Cycle Operation 



Address Mode & 
Instructions 



Cycles 



Cycle 

# 



Address Bus 



R/W 
Line 



Data Bus 



IMMEDIATE 



ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 


2 


1 
2 


Op Code Address 
Op Code Address + 1 


1 
1 


Op Code 
Operand Data 


LDS 
LDX 
LDD 


3 


1 
2 
3 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 




Op Code 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 


CPX 

SUBD 

ADDD 


4 


1 
2 
3 
4 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Address Bus FFFF 




Op Code 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


DIRECT 


ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 


3 


1 
2 
3 


Op Code Address 
Op Code Address + 1 
Address of Operand 




Op Code 

Address of Operand 

Operand Data 


STA 


3 


1 
2 
3 


Op Code Address 
Op Code Address + 1 
Destination Address 





Op Code 

Destination Address 
Data from Accumulator 


LDS 
LDX 
LDD 


4 


1 
2 
3 
4 


Op Code Address 
Op Code Address + 1 
Address of Operand 
Operand Address + 1 




Op Code 

Address of Operand 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 


STS 
STX 
STD 


4 


1 
2 
3 
4 


Op Code Address 
Op Code Address + 1 
Address of Operand 
Address of Operand + 1 






Op Code 

Address of Operand 

Register Data (High Order Byte) 

Register Data (Low Order Byte) 


CPX 

SUBD 

ADDD 


5 


1 
2 
3 
4 
5 


Op Code Address 
Op Code Address + 1 
Operand Address 
Operand Address + 1 
Address Bus FFFF 




Op Code 

Address of Operand 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 

Low Byte of Restart Vector 


JSR 


5 


1 
2 
3 

4 
5 


Op Code Address 
Op Code Address + 1 
Subroutine Address 
Stack Pointer 
Stack Pointer + 1 






Op Code 

Irrelevant Data 

First Subroutine Op Code 

Return Address (Low Order Byte) 

Return Address (High Order Byte) 
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Table 12 Cycle by Cycle Operation (Continued) 



Address Mode & 
Instructions 



Cycles 



Cycle 

# 



Address Bus 



R/W 
Line 



Data Bus 



INDEXED 



JMP 


3 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Offset 






3 


Address Bus FFFF 




Low Byte of Restart Vector 


ADC EOR 


4 


1 


Op Code Address 




Op Code 


ADD LDA 




2 


Op Code Address + 1 




Offset 


AND ORA 




3 


Address Bus FFFF 




Low Byte of Restart Vector 


BIT SBC 




4 


Index Register Plus Offset 




Operand Data 


CMP SUB 












STA 


4 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Offset 






3 


Address Bus FFFF 




Low Byte of Restart Vector 






4 


Index Register Plus Offset 





Operand Data 


LDS 


5 


1 


Op Code Address 




Op Code 


LDX 




2 


Op Code Address + 1 




Offset 


LDD 




3 


Address Bus FFFF 




Low Byte of Restart Vector 






4 


Index Register Plus Offset 




Operand Data (High Order Byte) 






5 


Index Register Plus Offset + 1 




Operand Data (Low Order Byte) 


STS 


5 


1 


Op Code Address 




Op Code 


STX 




2 


Op Code Address + 1 




Offset 


STD 




3 


Address Bus FFFF 




Low Byte of Restart Vector 






4 


Index Register Plus Offset 





Operand Data (High Order Byte) 






5 


Index Register Plus Offset + 1 





Operand Data (Low Order Byte) 


ASL LSR 


6 


1 


Op Code Address 




Op Code 


ASR NEG 




2 


Op Code Address + 1 




Offset 


CLR ROL 




3 


Address Bus FFFF 




Low Byte of Restart Vector 


COM ROR 




4 


Index Register Plus Offset 




Current Operand Data 


DEC TST* 




5 


Address Bus FFFF 




Low Byte of Restart Vector 


INC 




6 


Index Register Plus Offset 





New Operand Data 


CPX 


6 


1 


Op Code Address 




Op Code 


SUBD 




2 


Op Code Address + 1 




Offset 


ADDD 




3 


Address Bus FFFF 




Low Byte of Restart Vector 






4 


Index Register + Offset 




Operand Data (High Order Byte) 






5 


Index Register + Offset + 1 




Operand Data (Low Order Byte) 






6 


Address Bus FFFF 




Low Byte of Restart Vector 


JSR 


6 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Offset 






3 


Address Bus FFFF 




Low Byte of Restart Vector 






4 


Index Register + Offset 




First Subroutine Op Code 






5 


Stack Pointer 





Return Address (Low Order Byte) 






6 


Stack Pointer - 1 





Return Address (High Order Byte) 



'In the TST instruction, R/W line of the sixth cycle is "1" level, and AB = FFFF, DB «= Low Byte of Reset Vector. 
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Table 12 Cycle by Cycle Operation (Continued) 



Address Mode & 
Instructions 



Cycles 



Cycle 

# 



Address Bus 



R/W 
Line 



Data Bus 



EXTENDED 



JMP 


3 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Jump Address (High Order Byte) 






3 


Op Code Address + 2 




Jump Address (Low Order Byte) 


ADC EOR 


4 


1 


Op Code Address 




Op Code 


ADD LDA 




2 


Op Code Address + 1 




Address of Operand (High Order Byte) 


AND ORA 




3 


Op Code Address + 2 




Address of Operand (Low Order Byte) 


BIT SBC 




4 


Address of Operand 




Operand Data 


CMP SUB 












STA 


4 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Destination Address (High Order Byte) 






3 


Op Code Address + 2 




Destination Address (Low Order Byte) 






4 


Operand Destination Address 





Data from Accumulator 


LDS 


5 


1 


Op Code Address 




Op Code 


LDX 




2 


Op Code Address + 1 




Address of Operand (High Order Byte) 


LDD 




3 


Op Code Address + 2 




Address of Operand (Low Order Byte) 






4 


Address of Operand 




Operand Data (High Order Byte) 






5 


Address of Operand + 1 




Operand Data (Low Order Byte) 


STS 


5 


1 


Op Code Address 




Op Code 


STX 




2 


Op Code Address + 1 




Address of Operand (High Order Byte) 


STD 




3 


Op Code Address + 2 




Address of Operand (Low Order Byte) 






4 


Address of Operand 





Operand Data (High Order Byte) 






5 


Address of Operand + 1 





Operand Data (Low Order Byte) 


ASL LSR 


6 


1 


Op Code Address 




Op Code 


ASR NEG 




2 


Op Code Address + 1 




Address of Operand (High Order Byte) 


CLR ROL 




3 


Op Code Address + 2 




Address of Operand (Low Order Byte) 


COM ROR 




4 


Address of Operand 




Current Operand Data 


DEC TST* 




5 


Address Bus FFFF 




Low Byte of Restart Vector 


INC 




6 


Address of Operand 





New Operand Data 


CPX 


6 


1 


Op Code Address 




Op Code 


SUBD 




2 


Op Code Address + 1 




Operand Address (High Order Byte) 


ADDD 




3 


Op Code Address + 2 




Operand Address (Low Order Byte) 






4 


Operand Address 




Operand Data (High Order Byte) 






5 


Operand Address + 1 




Operand Data (Low Order Byte) 






6 


Address Bus FFFF 




Low Byte of Restart Vector 


JSR 


6 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Address of Subroutine (High Order Byte) 






3 


Op Code Address + 2 




Address of Subroutine (Low Order Byte) 






4 


Subroutine Starting Address 




Op Code of Next Instruction 






5 


Stack Pointer 





Return Address (Low Order Byte) 






6 


Stack Pointer - 1 





Return Address (High Order Byte) 



•In the TST instruction, R/W line of the sixth cycle is "1" level, and AB=FFFF, DB=Low Byte of Reset Vector. 
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Table 12 Cycle by Cycle Operation (Continued) 



Address Mode & 
Instructions 



Cycles 



Cycle 

# 



Address Bus 



R/W 
Line 



Data Bus 



IMPLIED 



ABA DAA SEC 


2 


1 


Op Code Address 


1 


Op Code 


ASL DEC SEI 




2 


Op Code Address + 1 


1 


Op Code of Next Instruction 


ASR INC SEV 












CBA LSR TAB 












CLC NEG TAP 












CLI NOP TBA 












CLR ROL TPA 












CLV ROR TST 












COM SBA 












ABX 


3 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Irrelevant Data 






3 


Address Bus FFFF 




Low Byte of Restart Vector 


ASLD 


3 


1 


Op Code Address 




Op Code 


LSRD 




2 


Op Code Address + 1 




Irrelevant Data 






3 


Address Bus FFFF 




Low Byte of Restart Vector 


DES 


3 


1 


Op Code Address 




Op Code 


INS 




2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Previous Register Contents 




Irrelevant Data 


INX 


3 


1 


Op Code Address 




Op Code 


DEX 




2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Address Bus FFFF 




Low Byte of Restart Vector 


PSHA 


3 


1 


Op Code Address 




Op Code 


PSHB 




2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Stack Pointer 




Accumulator Data 


TSX 


3 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Stack Pointer 




Irrelevant Data 


TXS 


3 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Address Bus FFFF 




Low Byte of Restart Vector 


PULA 


4 


1 


Op Code Address 




Op Code 


PULB 




2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Stack Pointer 




Irrelevant Data 






4 


Stack Pointer + 1 






PSHX 


4 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Irrelevant Data 






3 


Stack Pointer 





Index Register (Low Order Byte) 






4 


Stack Pointer - 1 





Index Register (High Order Byte) 


PULX 


5 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Irrelevant Data 






3 


Stack Pointer 




Irrelevant Data 






4 


Stack Pointer + 1 




Index Register (High Order Byte) 






5 


Stack Pointer +2 




Index Register (Low Order Byte) 


RTS 


5 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Irrelevant Data 






3 


Stack Pointer 




Irrelevant Data 






4 


Stack Pointer + 1 




Address of Next Instruction 
(High Order Byte) 






5 


Stack Pointer + 2 




Address of Next Instruction 
(Low Order Byte) 


WAI** 


9 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Stack Pointer 





Return Address (Low Order Byte) 






4 


Stack Pointer — 1 





Return Address (H igh Order Byte) 
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Table 12 Cycle by Cycle Operation (Continued) 



Address Mode & 
Instructions 


Cycles. 


Cycle 

# 


Address Bus 


R/W 
Line 


Data Bus 


WAI** 




5 
6 
7 
8 
9 


Stack Pointer - 2 
Stack Pointer - 3 
Stack Pointer — 4 
Stack Pointer - 5 
Stack Pointer - 6 









Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Cond. Code Register 


MUL 


10 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


Op Code Address 
Op Code Address + 1 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 


n 


Op Code 
Irrelevant Data 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 


RTI 


10 


1 
2 
3 
4 

5 

6 

7 

8 

9 

10 


Op Code Address 
Op Code Address + 1 
Stack Pointer 
Stack Pointer + 1 

Stack Pointer + 2 

Stack Pointer + 3 

Stack Pointer + 4 

Stack Pointer + 5 

Stack Pointer + 6 

Stack Pointer + 7 




Op Code 

Irrelevant Data 

Irrelevant Data 

Contents of Cond. Code Reg. 

from Stack 

Contents of Accumulator B 

from Stack 

Contents of Accumulator A 

from Stack 

Index Register from Stack 

(High Order Byte) 

Index Register from Stack 

(Low Order Byte) 

Next Instruction Address from 

Stack (High Order Byte) 

Next Instruction Address from 

Stack (Low Order Byte) 


SWI 


12 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

12 


Op Code Address 

Op Code Address + 1 

Stack Pointer 

Stack Pointer — 1 

Stack Pointer - 2 

Stack Pointer - 3 

Stack Pointer — 4 

Stack Pointer - 5 

Stack Pointer - 6 

Stack Pointer — 7 

Vector Address FFFA (Hex) 

Vector Address FFFB (Hex) 










1 
1 

1 


Op Code 

Irrelevant Data 

Return Address (Low Order Byte) 

Return Address (High Order Byte) 

Index Register (Low Order Byte) 

Index Register (High Order Byte) 

Contents of Accumulator A 

Contents of Accumulator B 

Contents of Cond. Code Register 

Irrelevant Data 

Address of Subroutine 

(High Order Byte) 

Address of Subroutine 

(Low Order Byte) 



•* While the MCU it in the "Wait" state, its bus state will appear as a series of MCU reads of an address which is seven locations less than the 
original contents of the Stack Pointer. Contrary to the HD6800, none of the ports are driven to the high impedance state by a WAI ins- 
truction. 
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Table 12 Cycle by Cycle Operation (Continued) 



Address Mode & 
Instructions 



Cycles 



Cycle 

# 



Address Bus 



R/W 
Line 



Data Bus 



RELATIVE 



BCC BHT BNE 


3 


1 


Op Code Address 


1 


Op Code 


BCS BLE BPL 




2 


Op Code Address + 1 


1 


Branch Offset 


BEQ BLS BRA 




3 


Address Bus FFFF 


1 


Low Byte of Restart Vector 


BGE BLT BVC 












BGT BMT BVS 












BRN 












BSR 


6 


1 


Op Code Address 


1 


Op Code 






2 


Op Code Address + 1 


1 


Branch Offset 






3 


Address Bus FFFF 


1 


Low Byte of Restart Vector 






4 


Subroutine Starting Address 


1 


Op Code of Next Instruction 






5 


Stack Pointer 





Return Address (Low Order Byte) 






6 


Stack Pointer — 1 





Return Address (High Order Byte) 



• Summary of Undefined Instruction Operations 

The HD6801S has 36 undefined instructions. When these are 
carried out, the contents of Register and Memory in MCU 
change at random. 



When the op codes (4E, 5E)are used to execute, the MCU 
continues to increase the program counter and it will not stop 
until the Reset signal enters. These op codes are used to test the 
LSI. 



Table 13 Op codes Map 









HD6801S MICROCOMPUTER 


INSTRUCTIONS 








OP 
CODE 




ACC 
A 


ACC 
B 


INO 


EXT 


ACCA or SP 


ACCB or X 




IMM 


OIR 


IND 


EXT 


IMM 


DIR 


IND 


EXT 




LO^ 


HI 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 







1 


2 


3 


4 


S 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 




OOOO 







SBA 


BRA 


TSX 


NEG 


SUB 





0001 


1 


NOP 


CBA 


BRN 


INS 


______ 


CMP 


1 


0010 


2 






BHI 


PULA (+1) 


_______ ' 


SBC 


2 


0011 


3 






BLS 


PULB(+1) 


COM 


• ! SUBDH-2) 


• 


AODO (+2) 


3 


0100 


4 


LSRO (+1) 




BCC 


OES 


LSR 


AND 


4 


0101 


5 


ASLD (+1) 




BCS 


TXS 


________--- " ' 


BIT 


5 


0110 


6 


TAP 


TAB 


BNE 


PSHA 


ROR 


LDA 


6 


0111 


7 


TPA 


TBA 


BEQ 


PSHB 


ASR 


^\ STA 


\^ 


STA 


7 


1000 


8 


INX (+1) 




BVC 


PULX (+2) 


ASL 


EOR 


8 


1001 


9 


DEX (+1) 


DAA 


BVS 


RTS(+2) 


ROL 


ADC 


9 


1010 


A 


CLV 




BPL 


ABX 


DEC 


ORA 


A 


1011 


B 


SEV 


ABA 


BMI 


RTI (+7) 


______ " 


ADO 


B 


1100 


C 


CLC 


^^ 


BGE 


PSHX (+1) 


INC 


. ', CPX(+2) 


* 


LDD(+1) 


C 


1101 


D 


SEC 




BLT 


MUL (4-7) 


TST 


BSR 
1+4) 


JSR (+2) 


;<♦« 


STD (+1) 


D 


1110 


E 


CLI 




BGT 


WAI (46) 


• 


• """1 JMP 


(-3) 


• 


LDS(+1) 


* ■ 


LDX (+1) 


E 


1111 


F 


SEI 




BLE 


SWI (+9) 


CLR 


•1+1) 


STS(+1) 


!<+1) 


STX (+1) 


F 


BYTE/CYCLE 


1/2 


1/2 


2/3 


1/3 


1/2 


1/2 | 2/6 


3/6 


2/2 


2/3 ] 2/4 


3/4 


2/2 


2/3 | 2/4 | 3/4 





[NOTES] 1) Undefined Op codes are marked with L— — — I . 

2) ( ) indicate that the number in parenthesis must be added to the cycle count for that instruction. 

3) The instructions shown below are all 3 bytes and are marked with "*". 

Immediate addressing mode of SUBD, CPX, LDS, ADDD, LDD and LDX instructions, and undefined op codes 
(8F, CD. CF). 

4) The Op codes (4E, 5E) are 1 byte/°° cycles instructions, and are marked with ••••". 
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ITMP-H 



Stack Machine State 
PC, X, A, B, CC 




Condition Code Register 

|i|i|h|i|n|z|v|c| 



I - ITMP 
1 -I 



Vector -» PC 


Nffi 


FFFCFFFD 


SWI 


FFFAFFFB 


TrcT, 


FFF8FFF9 


ICF 


FFF6FFF7 


OCF 


FFF4FFF5 


TOF 


FFF2 FFF3 


SCI 


FFF0FFF1 



$ 



*SCI = TIE'TDRE + RIE'IRDRF + ORFE) 



Non-Maskable Interrupt 

Software Interrupt 

Maskable Interrupt Request 1 

Input Capture Interrupt 

Output Compare Interrupt 

Timer Overflow Interrupt 

SCI Interrupt (TDRE + RDRF + ORFE) 



Figure 24 Interrupt Flowchart 
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Figure 25 HD6801 S MCU Single-Chip Dual Processor Configuration 



HD6801S 
MCU 



Address 
Bus 



Enable 



f 
Data 
Bus 



Random 
Access 
Memory 



Peripheral 
Interface 
Adapter 



General 
Purpose 
Interface 
Adapter 



Figure 26 HD6801 S MCU Expanded Non-Multiplexed Mode 



HD6801S 
MCU 



16/ 



Address 
Strobe 



Latch *-< > 



Enable 



<l » RAM 



ROM 



PIA 



GPIA 



PTM 



Address Bus Data Bus 

Figure 27 H06801 S MCU Expanded Multiplexed Mode 
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HD6801V0P 
HD6801V5P 



HD6801V0, HD6801V5 

MCU (Microcomputer Unit) 

The HD6801V MCU is an 8-bit microcomputer system which 
is compatible with the HD6801S except the ROM size. The 
HD6801V MCU is object code compatible with the HD6800 
with improved execution times of key instructions plus several 
new 16-bit and 8-bit instructions including an 8x8 unsigned 
multiply with 16-bit result. The HD6801V MCU can operate as 
a single chip microcomputer or be expanded to 65k words. The 
HD6801V MCU is TTL compatible and requires one +5.0 volt 
power supply. The HD6801V MCU has 4k bytes of ROM and 
128 bytes of RAM on chip. Serial Communications interface 
(SCI), and parallel I/O as well as a three function 16-bit timer. 
Features and Block diagram of the HD6801V include the 
following: 




(DP-40) 



■ FEATURES 

• Expanded HMCS6800 Instruction Set 

• 8 x 8 Multiply 

• On-Chip Serial Communications Interface (SCI) 

• Object Code Compatible With The HD6800 MPU 

• 16-Bit Timer 

• Single Chip Or Expandable To 65k Words 

• 4k Bytes Of ROM 

• 128 Bytes Of RAM (64 Bytes Retainable On Power 
Down) 

• 29 Parallel I/O Lines And 2 Handshake Control Lines 

• Internal Clock/Divided-By-Four Circuitry 

• TTL Compatible Inputs And Outputs 

• Interrupt Capability 

• Compatible with MC6801 (except ROM size) 



PIN ARRANGEMENT 



■ BLOCK DIAGRAM 
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(Top View) 



■ TYPE OF PRODUCTS 



MCU 


Bus Timing 


HD6801V0 


1 MHz 


HD6801V5 


1.25 MHz 



V cc Standby - 



128x8 
RAM 



1£ 



•P.2 
•Pi! 
>Pl4 
•Pl» 
•P>« 



4kx8 
ROM 
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■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc* 


-0.3 ~ +7.0 


V 


Input Voltage 


v,„ • 


-0.3 ~ +7.0 


V 


Operating Temperature 


' opr 


~ + 70 


°C 


Storage Temperature 


'KB 


-55~+150 


°C 



» With respect to V$s (SYSTEM GND) 

(NOTE] Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating 
conditions. If these conditions are exceeded, it could affect reliability of LSI. 



■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (V CC -5.0V±5%, Vss 



' 0V, Ta - 0~ +70°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input "High" Voltage 


RES 


V| H 




4.0 


- 


Vcc 


V 


Other Inputs* 


2.0 


- 


Vcc 


Input "Low" Voltage 


EXTAL 


V, L 




-0.3 


- 


0.6 




Other Inputs* 


-0.3 


- 


OS 


V 




P40 ~ P47 


Hint 


Vin = ~ 2.4V 


- 


- 


0.5 




Input Load Current 


SC, 


- 


- 


0.8 


mA 




EXTAL 


V in =0~V cc 


- 


- 


1.2 




Input Leakage Current 


NMI, IRQ,, RES 


Hinl 


V in = ~ 5.25V 


- 


- 


2.5 


HA 


Three State (Offset) 


PlO ~ Pl7» P30~ ^37 


Hts.I 


V in = 0.5 ~ 2.4V 


- 


- 


10 


HA 


Leakage Current 


P20 ~ P24 


- 


- 


100 




P30 ~ P37 


VqH 


Iload = -205aiA 


2.4 


- 


- 




Output "High" Voltage 


P40 ~ P47» E, SCj , SC2 


Iload = -145/xA 


2.4 


- 


- 


V 




Other Outputs 


Iload=-100juA 


2.4 


- 


- 




Output "Low" Voltage 


All Outputs 


Vol 


I load = 1 -6 mA 


- 


- 


0.5 


V 


Darlington Drive Current 


Pio ~ P17 


"'oh 


V out =1.5V 


1.0 


- 


10.0 


mA 


Power Dissipation 


P D 




- 


- 


1200 


mW 


Input Capacitance 


P30 ~ P37. P40 ~ P47. SCi 


C"m 


V in = 0V, Ta = 25°C, 
f = 1.0 MHz 


- 


- 


12.5 


pF 


Other Inputs 


- 


- 


10.0 


Vcc Standby 


Powerdown 


V SBB 




4.0 


- 


5.25 


V 


Operating 


V S B 




4.75 


- 


5.25 


Standby Current 


Powerdown 


IsBB 


V S bb = 4.0 V 


- 


- 


8.0 


mA 



"Except Mode Programming Levels. 
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BUS TIMING (Vcc = 5.0V±5%, Vss * OV, Ta - ~ +70°C, unless otherwise noted.) 
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Symbol 


Test Condition 


HD6801V0 


HD6801V5 


Unit 




min 


typ 


max 


min 


typ 


max 


Cycle Time 


tcyc 


Fig. 1 
Fig. 2 


1 


- 


10 


0.8 


- 


10 


/is 


Address Strobe Pulse Width "High" 


PW A sh 


200 


- 


- 


150 


- 


- 


ns 


Address Strobe Rise Time 


*ASr 


5 


- 


50 


5 


- 


50 


ns 


Address Strobe Fall Time 


*ASf 


5 


- 


50 


5 


- 


50 


ns 


Address Strobe Delay Time 


tASD 


60 


- 


- 


30 


- 


- 


ns 


Enable Rise Time 


tEr 


5 


- 


50 


5 


- 


50 


ns 


Enable Fall Time 


tEf 


5 


- 


50 


5 


- 


50 


ns 


Enable Pulse Width "High" Time 


PW EH 


450 


- 


- 


340 


- 


- 


ns 


Enable Pulse Width "Low" Time 


•PWel 


450 


- 


- 


350 


- 


- 


ns 


Address Strobe to Enable Delay Time 


*ASED 


60 


- 


- 


30 


- 


- 


ns 


Address Delay Time 


tAD 


- 


- 


260 


- 


- 


260 


ns 


Address Delay Time for Latch 


'adl 


- 


- 


270 


- 


- 


260 


ns 


Data Set-up Write Time 


^DSW 


225 


- 


- 


115 


- 


- 


ns 


Data Set-up Read Time 


tDSR 


80 


- 


- 


80 


-. 


- 


ns 


Data Hold Time 


Read 


t|HR 


10 


- 


- 


10 


- 


- 


ns 


Write 


tHW 


20 


- 


- 


20 


- 


- 


Address Set-up Time for Latch 


tASL 


60 


- 


- 


50 


- 


- 


ns 


Address Hold Time for Latch 


tAHL 


20 


- 


- 


20 


- 


- 


ns 


Address Hold Time 


tAH 


20 


- 


- 


20 


- 


-. 


ns 


Peripheral Read 


Non-Multiplexed Bus 


(tACCN ) 


- 


- 


(610) 


- 


- 


(410) 


ns 


Access Time 


Multiplexed Bus 


(tACCM ) 


- 


- 


(600) 


- 


- 


(410) 


Oscillator stabilization Time 


tRC 


Fig. 10 
Fig. 11 


100 


- 


- 


100 


- 


- 


ms 


Processor Control Set-up Time 


tpcs 


200 


- 


- 


200 


- 


- 


ns 



PERIPHERAL PORT TIMING (V C c - 5.0V ±5%, Vss " 0V, Ta « ~ +70°C f unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Peripheral Data Setup Time 


Port 1,2, 3, 4 


tpDSU j 


Fig. 3 


200 


- 


- 


ns 


Peripheral Data Hold Time 


Port 1,2, 3, 4 


tpDH 


Fig. 3 


200 


- 


- 


ns 


Delay Time, Enable Positive Transition 
to OS3 Negative Transition 


tosDi 


Fig. 5 


- 


- 


350 


ns 


Delay Time, Enable Positive Transition 
to OS3 Positive Transition 


*OSD2 


Fig. 5 


- 


- 


350 


ns 


Delay Time, Enable Negative 
Transition to Peripheral Data 
Valid 


Port 1,2*, 3,4 


tpWD 


Fig. 4 


- 


- 


400 


ns 


Delay Time, Enable Negative 
Transition to Peripheral 
CMOS Data Valid 


* 

Port 2**, 4 


l CMOS 


Fig. 4 


- 


- 


2.0 


Ms 


Input Strobe Pulse Width 


tpwis 


Fig. 6 


200 


- 


- 


ns 


Input Data Hold Time 


port 3 


t.H 


Fig. 6 


50 


- 


- 


ns 


Input Data Set-up Time 


Port 3 


tis 


Fig. 6 


20 


- 


- 


ns 



'Except P, 



**10kft pull up register required for Port 2 
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TIMER, SCI TIMING (V cc - 5.0V ±5%, Vss = 0V, Ta = ~ +70°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Timer Input Pulse Width 


tpWT 




2t cyc +200 


- 


- 


ns 


Delay Time, Enable Positive Transition to 
Timer Out 


t-roD 


Fig. 7 


- 


- 


600 


ns 


SCI Input Clock Cycle 


tscyc 




1 


- 


- 


tcyc 


SCI Input Clock Pulse Width 


tpWSCK 




0.4 


- 


0.6 


*Scyc 



MODE PROGRAMMING (V CC - 5.0V ±5%, Vss = 0V, Ta = ~ +70°C. unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Mode Programming Input "Low" Voltage 


Vmpl 


Fig. 8 


- 


- 


1.7 


V 


Mode Programming Input "High" Voltage 


Vmph 


4.0 


- 


- 


V 


RES "Low" Pulse Width 


PWrstl 


3.0 


- 


- 


tcyc 


Mode Programming Set-up Time 


tfVIPS 


2.0 


- 


- 


tcyc 


Mode Programming 


RT-S Rise Time ^ 1jlis 


*MPH 





- 


- 




Hold Time 


R1S Rise Time < Ijus 


100 


- 


- 





Address Strobe 
(AS) 



Enable 
(E) 



R/W, Ar~A B 
(SC4 (Port4) 



MCU Write 
D ~D,.A.~A, 
(Port 3» 



MCU Read 
D.~D 7 . A„~A, 
(Port 31 




\ / Address X / 



'adl - 



>T t 2.2V *- T t 2.0V J r 
( CST > < °«' v » lid > 



-«osn- 



> 



<«accm> 

Figure 1 Expanded Multiplexed Bus Timing 
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Enable 
(Et 




A<r~A,<Port4) 

am (so - 

155 (SCO 



MCU Write 

D,~D, 
(Port 3) 



MCU Read 
D„~D, " 
(Port 3) 



v\ 



•HD6801V0.HD6801V5 



Address Valid 






*OSB " 



t E ( 



> 



> 



2.0V- f- J r 

1 Data Valid \ 

°™\ f 



Figure 2 Expanded Non-Multiplexed Bus Timing 



Enable(E) 



*m ~ «*« 
Inputs 

»»«. ~ «■„ 

Inputs* 



MCU Read 



<PDH 



TBC~~X 



1 r 2.4' 

Vo; 



2.0V 

6bv 



SiiA 



•Port 3 Non-Latched Operation (LATCH ENABLE = 0) 

Figure 3 Data Set-up and Hold Times 
(MCU Read) 



Enable(E) 



All Data 
Port Outputs 



| — MCU Write 



\ r 



■'CMOS— »| 

•— 'pwo— W [_ 



X 



0.7 V, 



2.2V 
0.6V 



(Note) 

1 . 10 kfi Pullup resistor required for Port 2 to reach 0.7 Vcc 

2. Not applicable to P., 

3. Port 4 cannot be pulled above V cc 

Figure 4 Port Data Delay Timing 
(MCU Write) 



- MCU access of Port 3* 



Enable(E) 




"Access matches Output Strobe Select (OSS - 0, a read; 
OSS = 1 , a write) 

Figure 5 Port 3 Output Strobe Timing 
(Single Chip Mode) 




Figure 6 Port 3 Latch Timing 
(Single Chip Mode) 
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Enable 



Xf 



P'too* 

id: 



x 



2.2V 
.0.6V 



Figure 7 Timer Output Timing 



4= 30pF 



TfT 



(a) CMOS Load 



0.8V 0.8V 



/ 



wv rsti.- 

'MPS-* 



Mode Inputs 



Vmpm; 



Vmpl 



£ a c v MPM 

E< Dim V«lid > 

1> C 7 * V MPL 



Figure 8 Mode Programming Timing 



v cc 



r* 



fi. 



R L -2.2kO 



1S2074 ( 
or Equi« 



C -90 pF 'or P„~P„,P 4 „~P E.SC..SC. 

-30pFforP,. ~P I7 ,P, ~P 
Ft" 12rin»orP,.~P.,,.P..~p *E.SC..SC, 

- 24 Ml for r„~f„.9„ ~P„ 



(b) TTL Load 



Figure 9 Bus Timing Test Loads 



L« Inaction — 


Cycle 

Ml 


•3 


"° 


"* 1 * 


a6 


»7 


•8 «9 


I »io 1 «11 

1 811 Set 


1 alZ 1 


,„,„„, _. 








y 


X~~ 


X 


X 


y x 


X 


~r~ 


x y 


y x 


XXX 


_ ^ 




Op Co* Op Code SP(n 
Addr Addr 


SPIn-11 SPIn-71 SPIn 


31 SPIn-41 SPInSI SPIn«l SPIn. 71 VKIOf Vtclor NmPC 
MSB Ad* I.S8 Addr Addmi 


—1 


■*— "fCS 




















NMIot IRQ: 


\ 





Inwrnil — y y y y y y V V V V V V V V V V" 

D»u Bus ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ i A A i ^ A All Ami 

Opcode Op Code PC0-PC7 PC8-PC15 X0-X7 X.8~X15 ACCA ACCB CCR Irrelewnt Vector Vector F»M Inn. of 



h IRQ, -- Internal Interrupt 



■\. 



0«t» MSB tSB Internal Ftwiunc 



Figure 10 Interrupt Sequence 



m\m\\\^^»\m\ uixiAJxnjTjrurinji-r 



v-tE 



-»«- 



-i r- 



-»*- 



-,, ^ 



Address Bus 
Internal R/W 



' ' FFFE 'IFfft FFFi FFFS FFFF Net. PC * * FFF« WB 

«wm\^ t V\\vvv\\v\vvv\vvv\\\vvvv\sy <£xzy "~ 



Figure 1 1 Reset Timing 
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■ SIGNAL DESCRIPTIONS 

• Vcc and Vss 

These two pins are used to supply power and ground to the 
chip. The voltage supplied will be +5 volts ±5%. 

• XTAL and EXTAL 
These connections are for a parallel resonant fundamental 

crystal, AT cut. Divide by 4 circuitry is included with the 
internal clock, so a 4 MHz crystal may be used to run the 
system at 1 MHz. The divide by 4 circuitry allows for use of the 
inexpensive 3.58 MHz Color TV crystal for non-time critical 
applications. Two 22pF capacitors are needed from the two 
crystal pins to ground to insure reliable operation. EXTAL may 
be driven by an external TTL compatible clock source with a 
50% (±10%) duty cycle. It will divide by 4 any frequency less 
than or equal to 5 MHz. XTAL must be grounded if an external 
clock is used. The following are the recommended crystal para- 
meters: 

Nominal Crystal Parameter 



^s^Crystal 
Item ^v. 


4 MHz 


5 MHz 


Co 


7 pF max. 


4.7 pF max. 


Rs 


60ft max. 


300 typ. 



XTAL 



EXTAL 



CZ) 



C L1 = C L2 = 22pF ± 20% 
(3.2 ~ 5 MHz) 



~77T 777" 
Figure 12 Crystal Interface 



t Note] These are representative 
AT cut parallel resonance 
crystal parameters. 

Cn 



• Vcc Standby 

This pin will supply +5 volts ±5% to the standby RAM on the 
chip. The first 64 bytes of RAM will be maintained in the power 
down mode with 8 mA current max. The circuit of figure 13 
can be utilized to assure that V C c Standby does not go below 
Vsbb during power down. 

To retain information in the RAM during power down the 
following procedure is necessary: 

1) Write "0" into the RAM enable bit, RAM E. RAM E is bit 
6 of the RAM Control Register at location $0014. This 
disables the standby RAM, thereby protecting it at power 
down. 

2) Keep Vcc Standby greater than Vsbb- 



V cc Standby o f \4 O Power Line 



I 



Figure 13 Battery Backup for V cc Standby 



• Reset (RES) 

This input is used to reset and start the CPU from a power 
down condition, resulting from a power failure or an initial 
startup of the processor. On power up, the reset must b e held 
"Low" for at least 100 ms. During operation, RES, when 
brought "Low" must be held "Low" at least 3 clock cycles. 

When a "High" level is detected, the MCU does the follow- 
ing: 

1) All the higher order address lines will be forced "High". 

2) I/O Port 2 bits 2, 1, and are latched into programmed 
control bits PC2, PCI and PC0. 

3) The last two ($FFFE, $FFFF) locations in memory will 
be used to load the program addressed by the program 
counter. 

4) The interrupt mask bit is set, must be cleared before the 
CPU can recognize maskable interrupts. 

• Enable (E) 
This supplies the external clock for the rest of the system 

when the internal oscillator is used. It is a single phase, TTL 
compatible clock, and will be the divide by 4 result of the 
crystal frequency. It will drive one TTL load and 90 pF. 

• Non-Maskable Interrupt (NMI) 

A low-going edge on this input requests that a non-maskable- 
interrupt sequence be generated within the processor. As with 
interrupt Request signal, the processor will complete the c urrent 
instruction that is being executed before it recognizes the NMI 
signal. The inte rrupt mask bit in the Condition Code Register 
has no effect on NML 

In response to an NMI interrupt, the Index Register, Program 
Counter, Accumulators, and Condition Code Register are stored 
on the stack. At the end of the sequence, a 16-bit address will 
be loaded that points to a vectoring address located in memory 
locations SFFFC and SFFFD. An address loaded at these loca- 
tions causes the CPU to branch to a non-maskable interrupt 
service routine in memory. 

A 3.3 kS2 external resistor to VCC should be used for 
wire-OR a nd op timu m con trol of interrupts. 

Inputs IRQi and NMI are hardware interrupt lines that are 
sampled during E and will start the interrupt routine on the 
E following the completion of an instruction. 

• Interrupt Request (IRQ t ) 

This level sensitive, input requests that an interrupt sequence 
be generated within the machine. The processor will wait until it 
completes the current instruction that it being executed before 
it recognizes the request. At that time, if the interrupt mask bit 
in the Condition Code Register is not set, the-machine will begin 
an interrupt sequence. The Index Register, Program Counter, 
Accumulators, and Condition Code Register are stored on the 
stack. Next the CPU will respond to the interrupt request by 
setting the interrupt mask bit "High" so that no further mask- 
able interrupts may occur. At the end of the cycle, a 16-bit 
address will be loaded that points to a vectoring address which is 
located in memory locations SFFF8 and $FFF9. An address 
loaded at these locations causes the CPU to branch to an inter- 
rupt ro utine in memory. 

The IRQ, requires a 3.3 kft external resister to Vcc which 
should be used for wire-OR and optimum control of int errup ts. 
Internal Interrupts will use an interna l inte rrupt line (IRQ2). 
This interrupt will operate the same as IRQ, except that i t will 
use the vector address of $FFF0 through $FFF7. IRQ, will 
have priority over IRQ 2 if both occur at the same time. The 
Interrupt Mask Bit in the condition code register masks both 
interrupts (See Table 1). 
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Table 1 Interrupt Vector Location 



Highest 
Priority 



Vector 


Interrupt 


MSB 


LSB 


FFFE 


FFFF 


RES 


FFFC 


FFFD 


NMl 


FFFA 


FFFB 


Software Interrupt (SWI) 


FFF8 


FFF9 


IRQ, (or IS3) 


FFF6 


FFF7 


ICF (Input Capture) 


FFF4 


FFF5 


OCF (Output Compare) 


FFF2 


FFF3 


TOF (Timer Overflow) 


FFFO 


FFF1 


SC, (RDRF + ORFE + TDRE) 



Lowest 
Priority 



The following pins are available in the Single Chip Mode, and 
are associated with Port 3 only. 

• Input Strobe <fS3) (SC t ) 

The function of the IS3 signal depends on the I/O Port 3 
Control/Status Register. If IS3_ Enable bit is set, an interrupt 
will occur by the fall of the IS3 signal. If the latch enable bit is 
set, the data in the I/O Port 3 will be latched at the I/O Port 3 
Data Register. The timing condition of the IS3 signal that is 
necessary to be latched the input data normally is shown in 
Figure 6. 

• Output Strobe (OS3) (SC 2 ) 

This signal is used by the processor to strobe an external 
device, indicating valid data is on the I/O pins. The timing for 
the Output Strobe is shown in Figure 5 I/O Port 3 Control/ 
Status Register is discussed in the following section. 

The following pins are available in the Expanded Modes. 

• Read/Write (R/W) (SC 2 ) 

This TTL compatible output signals the peripherals and 
memory devices whether the CPU is in a Read ("High") or a 
Write ("Low") state. The normal standby state of this signal is 
Read ("High"). This output is capable of driving one TTL load 
and 90 pF. 

• I/O Strobe (fOS) (SCj) 

In the expanded non-multiplexed mode of operation, IOS 
internally decodes A 9 through A 1S as zero's and A 8 as a one. 
This allows external access of the 256 locations from $0100 to 
$01FF. The timing diagrams are shown as figure 2. 

• Address Strobe (AS) (SCi) 

In the expanded multiplexed mode of operation address 
strobe is output on this pin. This signal is used to latch the 8 
LSB's of address which are multiplexed with data on Port 3. An 
8-bit latch is utilized in conjunction with Address Strobe, as 
shown in figure 19. Expanded Multiplexed Mode. Address 
Strobe signals the latch when it is time to latch the address lines 
so the lines can become data bus lines during the E pulse. The 
timing for this singal is shown in Figure 1 of Bus Timing. This 
signal is also used to disable the address from the multiplexed 
bus allowing a deselect time, t^sD before the data is enabled to 
the bus. 



■ PORTS 

There are four I/O ports on the HD6801V MCU; three 8-bit 
ports and one 5-bit port. There are two control lines associated 
with one of the 8-bit ports. Each port has an associated write 
only Data Direction Register which allows each I/O line to be 
programmed to act as an input or an output*. A "1" in the 
corresponding Data Direction Register bit will cause that I/O 
line to be an output. A "0" in the corresponding Data Direction 
Register bit will cause that I/O line to be an input. There are 
four ports: Port 1, Port 2, Port 3, and Port 4. Their addresses 
and the addresses of their Data Direction registers are given in 
Table 2. 

* The only exception is bit 1 of Port 2, which can either be data 
input or Timer output. 

Table 2 Port and Data Direction Register Addresses 



Ports 


Port Address 


Data Direction 
Register Address 


I/O Port 1 
I/O Port 2 
I/O Port 3 
I/O Port 4 


$0002 
$0003 
$0006 
$0007 


$0000 
$0001 
$0004 
$0005 



• I/O Port 1 

This is an 8-bit port whose individual bits may be defined as 
inputs or outputs by the corresponding bit in its data direction 
register. The 8 output buffers have three-state capability, 
allowing them to enter a high impedance state when the 
peripheral data lines are used as inputs. In order to be read 
properly, the voltage on the input lines must be greater than 2.0 
V for a logic "1" and less than 0.8 V. for a logic "0". As out- 
puts these lines are TTL compatible and may also be used as 
a source of up to 1 mA at 1 .5 V to directly drive a Darlington 
base. After Reset, the I/O lines are configured as inputs. In all 
three modes, Port 1 is always parallel I/O. 

• I/O Port 2 

This port has five lines that may be defined as inputs or 
outputs by its data direction register. The 5 output buffers have 
three-state capability, allowing them to enter a high impedance 
state when used as an input. In order to be read properly, the 
voltage on the input lines must be greater than 2.0 V for a 
logic "1" and less than 0.8 V for a logic "0". As outputs, this 
port has no internal pullup resistors but will drive TTL inputs 
directly. For driving CMOS inputs, external pullup resistors are 
required. After Reset, the I/O lines are configured as inputs. 
Three pins on Port 2 (pins 10, 9, and 8 of the chip) are used 
to program the mode of operation during reset. The values of 
these pins at reset are latched into the three MSB's (bits 7, 6, 
and 5) of Port 2 which are read only. This is explained in the 
Mode Selection Section. 

In all three modes, Port 2 can be configured as I/O and 
provides access to the Serial Communications Interface and the 
Timer. Bit I is the only pin restricted to data input or Timer 
output. 

• I/O Port 3 

This is an 8-bit port that can be configured as I/O, a data bus, 
or an address bus multiplexed with the data bus — depending on 
the mode of operation hardware programmed by the user at 
reset. As a data bus, Port 3 is bi-directional. As an input for 
peripherals, it must be supplied regular TTL levels, that is, 
greater than 2.0 V for a logic "1" and less than 0.8 V for a logic 
"0". 
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Its TTL compatible three-state output buffers are capable of 
driving one TTL load and 90 pF. In the Expanded Modes, after 
reset, the data direction register is inhibited and data flow 
depends on the state of the R/W line. The input strobe (!S3) 
and the output strobe (OS3) used for handshaking are explained 
later. , 

In the three modes, Port 3 assumes the following charac- 
teristics: 

Single Chip Mode: Parallel Inputs/Outputs as programmed by 
its associated Data Direction Register. There are two control 
lines associated with this port in this mode, an input strobe and 
an output strobe, that can be used for handshaking. They are 
controlled by the I/O Port 3 Control/Status Register explained 
at the end of this section. Three options of Port 3 operations 
are sumarized as Follows: (1) Port 3 input data can be latched 
using IS3 (SCi) as a control signal, (2) OS3 can be generated by 
eith er an CPU read or write to Port 3's Data Register, and (3) 
and IRQi interrupt can be enabled by an IS3 negative edge. 
Port 3 latch and strobe timing is shown in Fig. 5 and Fig. 6. 

Expanded Non-Multiplexed Mode: In this mode, Port 3 
becomes the data bus (D ~D 7 ). 

Expanded Multiplexed Mode: In this mode, Port 3 becomes 
both the data bus (D ~D 7 ) and lower bits of the address bus 
(A ~A 7 ). An address strobe output is true when the address is 
on the port. 

I/O PORT 3 CONTROL/STATUS REGISTER 

7 6 5 4 3 2 10 



$000F 

BitO; 
Bitl; 
Bit 2; 

Bit 3; 





I S3 


X 


OSS 


LATCH 


X 


X 


X 


IS3 


IROf 














FLAG 


ENABLE 






ENABLE 









Not used. 
Not used. 
Not used. 

LATCH ENABLE. This controls the input latch for I/O 
Port 3. If this bit is set "High" the input data will be 
latched with the falling edge of the Input Strobe, IS3. 
This bit is cleared by reset, and the latch is "re-opened" 
with CPU read Port 3. 

OSS. (Output Strobe Select) This bit will select if the 
Output Strobe should be generated at OS3 (SC 2 ) by a 
write to I/O Port 3 or a read of I/O Port 3. When this bit 
is cleared the strobe is generated by a read Port 3. When 
this bit is set the strobe is generated by a write Port 3. 
Not used. 

IS3 IRQi ENABLE. When set, interrupt will be enabled 
whenever IS3 FLAG is set; when clear, interrupt is 
inhibited. This bit is cleared by RES. 
IS3 FLAG. This is a read only status bit that is set by 
the falling edge of the input strobe, IS3 (SCi). It is 
cleared by a read of the Control/Status Register fol- 
lowed by a read or write of I/O Port 3. Reset will clear 
this bit. 



• I/O Port 4 

This is an 8-bit port that can be configured as I/O or as 
address lines depending on the mode of operation. In order to 
be read properly, the voltage on the input lines must be greater 
than 2.0 V for a logic "1" and less than 0.8 V for a logic "0". 

As outputs, each line is TTL compatible and can drive 1 TTL 



Bit 4; 



Bit 5; 
Bit 6; 



Bit 7: 



load and 90 pF. After reset, the lines are configured as inputs. 
To use the pins as addresses, therefore, they should be 
programmed as outputs. In the three modes, Port 4 assumes the 
following characteristics: 

Single Chip Mode: Parallel Inputs/Outputs as programmed by 
its associated Data Direction Register. 

Expanded Non-Multiplexed Mode: In this mode, Port 4 is 
configured as the lower order address lines (Ao~A 7 )by writing 
one's to the data direction register. When all eight address lines 
are not needed, the remaining lines, starting with the most 
significant bit, may be used as I/O (inputs only). 

Expanded Multiplexed Mode: In this mode, Port 4 is 
configured asjthe higher order address lines (A 8 ~Ai S ) by writ- 
ing one's to the data direction register. When all eight address 
lines are not needed, the remaining lines, starting with the most 
significant bit, may be used as I/O (inputs only). 

■ OPERATION MODES 

The mode of operation that HD6801V will operate in after 
Reset is determined by hardware that the user must wire on pins 
10, 9, and 8 of the chip. These pins are the three LSB's (I/O 2, 
I/O 1, and I/O respectively) of Port 2. They are latched into 
programmed control bits PC2, PCI, and PC0 when reset goes 
high. I/O Port 2 Register is shown below. 

PORT 2 DATA REGISTER 

7 6 5 4 3 2 10 

$0003 



PC2 


PC1 


PCO 


I/O 4 


I/O 3 


I/O 2 


1/0 1 


I/O 



An example of external hardware that could be used for 
Mode Selection is shown in Fig 14. The HD14053B provides 
the isolation between the peripheral device and MCU during 
Reset, which is necessary if data conflict can occur between 
peripheral device and Mode generation circuit. 

As bits 5, 6 and 7 of Port 2 are read only, the mode cannot 
be changed through software. The mode selections are shown in 
Table 3. 

The HD6801V is capable of operating in three basic modes; 
(1) Single Chip Mode, (2) Expanded Multiplexed Mode (com- 
patible with HMCS6800 peripheral family) (3) Expanded Non- 
Multiplexed Mode. 

• Single Chip Mode 

In the Single Chip Mode the Ports are configured for I/O. 

This is shown in Figure 16 the single Chip Mode. In this 
mode, Port 3 will have two associated control lines, an input 
strobe and an output strobe for handshaking data. 

• Expanded Non-Multiplexed Mode 

In this mode the HD6801V will directly address HMCS6800 
peripherals with no external logic. In this mode Port 3 becomes 
the data bus. Port 4 becomes the A ~A 7 address bus or partial 
address and I/O (inputs only). Port 2 can be parallel I/O, serial 
I/O, Timer, or any combination of them. Port 1 is parallel I/O 
only. In this mode the HD6801V is expandable to 256 loca- 
tions. The eight address lines associated with Port 4 may be 
substituted for I/O (inputs only) if a fewer number of address 
lines will satisfy the application (See Figure 17). 



HITACHI 



83 



HD6801V0,HD6801V5 



RES 




ci 



m 



• • • 



6, 6, 6 



A B C 




j r 

Q Mode -L_ 
7 Control /f ' 



HD14053B 



RES 

HD6801V 

P,„ (PCO) 
P 21 (PCD 
P„ (PC2) 



[NOTES) 1) Mode 7 as shown 

2) RC«Reset time constant 

3) R,=10kn 



Figure 14 Recommended Circuit for Mode Selection 
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Figure 15 HD14053B Multiplexers/Demultiplexers 
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Figure 16 HD6801V MCU Single-Chip Mode 



Figure 17 HD6801V MCU Expanded Non-Multiplexed Mode 
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• Expanded Multiplexed Mode 

In this mode Port 4 becomes higher order address lines with 
an alternative of substituting some of the address lines for I/O 
(inputs only). Port 3 is the data bus multiplexed with the lower 
order address lines differentiated by an output called Address 
Strobe. Port 2 is 5 lines of Parallel I/O, SCI, Timer, or any 
combination of them. Port 1 is 8 Parallel I/O lines. In this mode 
it is expandable to 65k words. (See Figure 18). 

• Lower order Address Bus Latches 

Since the data bus is multiplexed with the lower order 
address bus in Port 3, latches are required to latch those address 
bits. The 74LS373 Transparent octal D-type latch can be used 
with the HD6801V to latch the least significant address byte. 
Figure 19 shows how to connect the latch to the HD6801V. 
The output control to the 74LS373 may be connected to 
ground. 
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Figure 18 HD6801V MCU Expanded Multiplexed Mode 
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Function Table 
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Enable 
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H 
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Figure 19 Latch Connection 



• Mode and Port Summary MCU Signal Description 

This section gives a description of the MCU signals for the various modes. SCi and SC 2 are signals which vary with the mode 
that the chip is in. 



MODE 


P0RT1 
Eight Lines 


PORT 2 
Five Lines 


PORT 3 
Eight Lines 


PORT 4 
Eight Lines 


SC, 


sc 2 


SINGLE CHIP 


I/O 


I/O 


I/O 


I/O 


IS3 (I) 


0S3(0) 


EXPANDED MUX 


I/O 


I/O 


ADDRESS BUS 

(Ao~A 7 ) 

DATA BUS 

(D ~D 7 ) 


ADDRESS BUS* 
(A 8 ~A 1S ) 


AS(O) 


R/W(0) 


EXPANDED NON-MUX 


I/O 


I/O 


DATA BUS 
(D ~D 7 ) 


ADDRESS BUS* 
(Ao~A 7 ) 


ios(O) 


R/W(0) 



•These lines can be substituted for I/O (Input Only) starting with the most significant address line. 
I = Input 155 = Input Strobe SC = Strobe Control 

O ^Output 0S3 = Output Strobe AS = Address Strobe 

R/W = Read/Write IOS = I/O Select 
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Table 3 Mode Selection Summary 



Mode 


P. 2 

(PC2) 


"»ai 
(PCD 


(PC°0) 


ROM 


RAM 


Interrupt 
Vectors 


Bus 
Mode 


Operating 
Mode 


7 


H 


H 


H 


1 


1 


I 


I 


Single Chip 


6 


H 


H 


L 


1 


1 


I 


MUX<6> 


Multiplexed/Partial Decode 


5 


H 


L 


H 


1 


1 


I 


NMUX<6> 


Non-Multiplexed/Partial Decode 


4 


H 


L 


L 


|<2) 


1(1) 


I 


I 


Single Chip Test 


3 


L 


H 


H 


E 


E 


E 


MUX 


Multiplexed/No RAM & ROM 


2 


L 


H 


L 


E 


I 


E 


MUX 


Multiplexed/RAM 


1 


L 


L 


H 


1 


I 


E 


MUX 


Multiplexed/RAM & ROM 





L 


L 


L 


1 


I 


|(3) 


MUX 


Multiplexed Test 



LEGEND: 
I — Internal 
E - External 
MUX - Multiplexed 
NMUX - Non-Multiplexed 
L — Logic "0" 
H — Logic "1" 



(NOTES] 

1) Internal RAM is addressed at $XX80 

2) Internal ROM is disabled 

3) RES vector is external for 2 cycles after RES goes "High" 

4) Addresses associated with Ports 3 and 4 are considered external in Modes 0, 
1,2, and 3 

5) Addresses associated with Port 3 are considered external in Modes 5 and 6 

6) Port 4 default is user data input; address output is optional by writing to Port 4 
Data Direction Register 



■ MEMORY MAPS 

The MCU can provide up to 65k byte address space depend- 
ing on the operating mode. A memory map for each operating 
mode is shown in Figure 20. The first 32 locations of each map 
are reserved for the MClPs internal register area, as shown in 
Table 4. With exceptions as indicated. 



■ INTERRUPT FLOWCHART 

The Interrupt flowchart is depicted in Figure 24 and is com- 
mon to every interrupt excluding reset. 



Table 4 Internal Register Area 



Register 


Address 


Port 1 Data Direction Register*** 


00 


Port 2 Data Direction Register*** 


01 


Port 1 Data Register 


02 


Port 2 Data Register 


03 


Port 3 Data Direction Register*** 


04* 


Port 4 Data Direction Register*** 


05** 


Port 3 Data Register 


06* 


Port 4 Data Register 


07** 


Timer Control and Status Register 


08 


Counter (High Byte) 


09 


Counter (Low Byte) 


OA 


Output Compare Register (High Byte) 


OB 


Output Compare Register (Low Byte) 


OC 


Input Capture Register (High Byte) 


OD 


Input Capture Register (Low Byte) 


OE 


Port 3 Control and Status Register 


OF* 


Rate and Mode Control Register 


10 


Transmit/Receive Control and Status Register 


11 


Receive Data Register 


12 


Transmit Data Register 


13 


RAM Control Register 


14 


Reserved 


15-1F 



* External address in Mode s 0, 1 , 2, 3, 5, 6; cannot be 

accessed in Mode 5 (No. iOS) 
** External addresses in Modes 0, 1, 2, 3 
*** 1 -Output, 0=1 nput* 
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HD6801V 
Mode 







Multiplexed Test mode 
$0000< 1 > 



$001 F 
$0080 

$00FF 




$FO00 5 



$FFFF<2) 




Internal Registers 
External Memory Space 

Internal RAM 



External Memory Space 



Internal ROM 

Internal Interrupt Vectors' 2 ' 



[NOTES] 

1 ) Excludes the following addresses which may 

be used externally: $04, $05, $06, $07 and $0F. 

2) Addresses $FFFE and $FFFF are considered 
external if accessed within 2 cycles alter a 
positive edge of RES and internal at all other 
times. 

3) After 2 CPU cycles, there must be no over- 
lapping of internal and external memory 
spaces to avoid driving the data bus with more 
than one device. 

4) This mode is the only mode which may be used 
to examine the interrupt vectors in internal 
ROM using an external Reset vector. 



HD6801V 
Mode 



1 



Multiplexed/RAM & ROM 
$0000' 1 > 




$F0O0 

$FFEF 
$FFF0 
$FFFF 




Internal Registers 
External Memory Space 
Internal RAM 

External Memory Space 

Internal ROM 

External Interrupt Vectors 



[NOTES] 

1 ) Excludes the following addresses which may 
be used externally: $04, $05, $06, $07 and 
$0F. 

2) Internal ROM addresses $FFF0 to $FFFF are 
not usable. 



Figure 20 HD6801V Memory Maps 
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HD6801V 
Mode 



Multiplexed/RAM 




$OOFF 



$FFFO 
$FFFF 



Internal Registers 
External Memory Space 

Internal RAM 



> External Memory Space 



External Interrupt Vectors 



[NOTE] 

1 ) Excludes the following addresses which may 

be used externally: $04, $05, $06, $07, and 

$0F. 



HD6801V 
Mode 



Multiplexed/No RAM or ROM 



$FFF0 
$FFFF 



Internal Registers 



External Memory Space 



External Interrupt Vectors 



[NOTE] 

1) Excludes the following addresses which may 

be used externally: $04, $05, $06, $07 and 

$0F. 



Figure 20 HD6801 V Memory Maps (Continued) 
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HD6801V 
Mode 



Single Chip Test 



$0000, 
$0011 



l| Internal Registers 



Unusable' '><*> 



Internal RAM 

Internal Interrupt Vectors 

(NOTES] 

1) The internal ROM is disabled. 

2) Mode 4 may be changed to Mode 5 without 
having to assert RESET by writing a "1" into 
the PCO bit of Port 2 Data Register. 

3) Addresses A„ to A, 5 are treated as "don't 
cares" to decode internal RAM. 

4) Internal RAM will appear at $XX80 to $XXFF. 



HD6801V 
Mode 



Non-Multiplexed/Partial Decode 
$0000<i> 




Internal Registers 



Internal RAM 



External Memory Space 



$FO00 



$FFFF 



Internal ROM 



Internal Interrupt Vectors 



[NOTES] 

1 ) Excludes the following addresses which may 
not be used externally: $04, $06, and $0F. 
(No IOS) 

2) This mode may be entered without going 
through RES by using Mode 4 and sub- 
sequently writing a "1 " into the PCO bit of 
Port 2 Data Register. 

3) Address lines A ~A, will not contain address- 
es until the Data Direction Register for Port 4 
has been written with "1 's" in the appropriate 
bits. These address lines will assert "1's" until 
made outputs by writing the Data Direction 
Register. 



Figure 20 HD6801V Memory Maps (Continued) 
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HD6801V 
Mode ' 



Multiplexed/Partial Decode 
SOOOO'^ea 




$OOFF 



$F000 



$FFFF 




Internal Registers 
External Memory Space 

Internal RAM 



External Memory Space 



Internal ROM 

Internal Interrupt Vectors 



[NOTES] 

1 ) Excludes the following address which may be 
used externally: $04, $06, $0F. 

2) Address lines A,~A 15 will not contain 
addresses until the Data Direction Register for 
Port 4 has been written with "1's" in the 
appropriate bits. These address lines will 
assert "1's" until made outputs by writing the 
Data Direction Register. 



HD6801V 
Mode 



Single Chip 




$0080 



$00FF 



Internal Registers 



Internal RAM 



$F000R 



$FFFF 




Internal ROM 

Internal Interrupt Vectors 



Figure 20 HD6801V Memory Maps (Continued) 
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■ PROGRAMMABLE TIMER 

The HD6801V contains an on-chip 16-bit programmable 
timer which may be used to perform measurements on an input 
waveform while independently generating an output waveform. 
Pulse widths for both input and output signals may vary from a 
few microseconds to many seconds. The timer hardware consists 
of 

• an 8-bit control and status register, 

• a 16-bit free running counter, 

• a 16-bit output compare register, and 

• a 16-bit input capture register 

A block diagram of the timer registers is shown in Figure 21. 

• Free Running Counter ($0009:000A) 

The key element in the programmable timer is a 16-bit free 
running counter which is driven to increasing values by E (En- 
able). The counter value may be read by the CPU software at 
any time. The counter is cleared to zero on RES and may be 
considered a read-only register with one exception. Any CPU 
write to the counter's address ($09) will always result in preset 
value of $FFF8 being loaded into the counter regardless of the 
value involved in the write. This preset figure is intended for 
testing operation of the part, but may be of value in some 
applications. 

• Output Compare Register ($000B:000C) 

The Output Compare Register is a 16-bit read/write register 
which is used to control an output waveform. The contents of 
this register are constantly compared with the current value of 
the free running counter. When a match is found, a flag is set 
(OCF) in the Timer Control and Status Register (TCSR) and the 
current value of the Output Level bit (OLVL) in the TCSR is 
clocked to the Output Level Register. Providing the Data 
Direction Register for Port 2, Bit 1 contains a "1" (Output), 



the output level register value will appear on the pin for Port 2 
Bit 1. The values in the Output Compare Register and Output 
level bit may then be changed to control the output level on the 
next compare v alue. The Output Compare Register is set to 
SFFFF during RES. The Compare function is inhibited for 
one cycle following a write to the high byte of the Output 
Compare Register to insure a valid 16-bit value is in the register 
before a compare is made. 

• Input Capture Register ($00OD:000E) 

The Input Capture Register is a 16-bit read-only register used 
to store the current value of the free running counter when the 
proper transition of an external input signal occurs. The input 
transition change required to trigger the counter transfer is 
controlled by the input Edge bit (IEDG) in the TCSR. The Data 
Direction Register bit for Port 2 Bit 0, should* be clear (zero) 
in order to gate in the external input signal to the edge detect 
unit in the timer. 

* With Port 2 Bit configured as an output and set to "1", the 
external input will still be seen by the edge detect unit. 

• Timer Control and Status Register (TCSR) ($0008) 

The Timer Control and Status Register consists of an 8-bit 
register of which all 8 bits are readable but only the low order 5 
bits may be written. The upper three bits contain read-only 
timer status information and indicate that: 

• a proper transition has taken place on the input pin with a 
subsequent transfer of the current counter value to the 
input capture register. 

• a match has been found between the value in the free 
running counter and the output compare register, and 

• when $0000 is in the free running counter. 

Ea ch of the flags may be enabled onto the HD6801V internal 
bus (IRQ 2 ) with an individual Enable bit in the TCSR. If the 
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Figure 21 Block Diagram of Programmable Timer 
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Timer Control and Status Register 
5 4 3 2 1 



ICF 



OCF 



TOF 



EICI 



EOCI ETOI IEDG OLVL $0008 



I-bit in the HD6801V Condition Code Register has been cleared, 

a priority vectored interrupt will occur corresponding to the flag 

bit(s) set. A description for each bit follows: 

Bit OLVL Output Level - This value is clocked to the output 
level register on a successful output compare. If 
the DDR for Port 2 bit 1 is set, the value will 
appear on the output pin. 

Bit 1 IEDG Input Edge - This bit controls which transition of 
an input will trigger a transfer of the counter to 
the input capture register. The DDR for Port 2 Bit 
must be clear for this function to operate. IEDG 
= Transfer takes place on a negative edge 
("High"-to-"Low" transition). 
IEDG = 1 Transfer takes place on a positive edge 
("Low"-to-"High" transition). 

Bit 2 ETOI Enable Ti mer Ov erflow Interrupt - When set, this 
bit enables IRQ 2 to occur on the internal bus for a 
TOF interrupt; when clear the interrupt is in- 
hibited. 

Bit 3 EOCI Enable Output Com pare Interrupt - When set, 
this bit enables IRQ 2 to appear on the internal bus 
for an output compare interrupt; when clear the 
interrupt is inhibited. 

Bit 4 EICI Enable Input Capture Interrupt - When set, this 
bit enables IRQ 2 to occur on the internal bus for 
an input capture interrupt; when clear the inter- 
rupt is inhibited. 

Bit 5 TOF Timer Overflow Flag — This read-only bit is set 
when the counter contains SFFFF. It is cleared by 
a read of the TCSR (with TOE set) followed by an 
CPU read of the Counter ($09). 

Bit 6 OCF Output Compare Flag - This read-only bit is set 
when a match is found between the output 
compare register and the free running counter. It is 
cleared by a read of the TCSR (with OCF set) 
followed by an CPU write to the output compare 
register ($0B or $0C). 

Bit 7 ICF Input Capture Flag - This read-only status bit is 
set by a proper transition on the input; it is cleared 
by a read of the TCSR (with ICF set) followed by 
an CPU read of the Input Capture Register (SOD). 



■ SERIAL COMMUNICATIONS INTERFACE 

The HD6801V contains a full-duplex asynchronous serial 
communications interface (SCI) on chip. The controller 
comprises a transmitter and a receiver which operate independ- 
ently or each other but in the same data format and at the same 
data rate. Both transmitter and receiver communicate with the 



CPU via the data bus and with the outside world via pins 2, 3, 
and 4 of Port 2. The hardware, software, and registers are ex- 
plained in the following paragraphs. 

• Wake-Up Feature 

In a typical multi-processor application, the software 
protocol will usually contain a destination address in the initial 
byte(s) of the message. In order to permit non-selected MCU's 
to ignore the remainder of the message, a wake-up feature is 
included whereby all further interrupt processing may be 
optionally inhibited until the beginning of the next message. 
When the next message appears, the hardware re-enables (or 
"wakes-up") for the next message. The "wake-up" is auto- 
matically triggered by a string of ten consecutive l's which 
indicates an idle transmit line. The software protocol must 
provide for the short idle period between any two consecutive 
messages. 

• Programmable Options 

The following features of the HD6801V serial I/O section are 
programmable: 

• format - standard mark/space (NRZ) 

• Clock — external or internal 

• baud rate - one of 4 per given CPU <t>2 clock frequency or 
external clock x8 input 

• wake-up feature — enabled or disabled 

• Interrupt requests - enabled or masked individually for 
transmitter and receiver data registers 

• clock output — internal clock enabled or disabled to Port 
2 (Bit 2) 

• Port 2 (bits 3 and 4) - dedicated or not dedicated to serial 
I/O individually for transmitter and receiver. 

• Serial Communications Hardware 

The serial communications hardware is controlled by 4 
registers as shown in Figure 22. The registers include: 

• an 8-bit control and status register 

• a 4-bit rate and mode control register (write only) 

• an 8-bit read only receive data register and 

• an 8-bit write only transmit data register. 

In addition to the four registers, the serial I/O section utilizes 
bit 3 (serial input) and bit 4 (serial output) of Port 2. Bit 2 of 
Port 2 is utilized if the internal-clock-out or external-clock-in 
options are selected. 

Transmit/Receive Control and Status (TRCS) Register 

The TRCS register consists of an 8-bit register of which all 8 
bits may be read while only bi ts 0~ 4 may be written. The 
register is initialized to $20 on RES. The bits in the TRCS 
register are defined as follows: 



Transmit/Receive Control and Status Register 



7 


6 


5 


4 


3 


2 


1 





RDRF 


ORFE 


TORE 


RIE 


RE 


TIE 


TE 


WU 



ADDR : $001 1 
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Rate and Mode Control Register 





11 






CC1 


CCO 


SSI 


SSO 


$10 






Transmit/Receive Control and Status Register 








RDRF ORFETDRE RIE 


RE 


TIE 


TE 


WU 


$11 




* 


Receive Data Register 


$12 


















Port 2 




t 

m (Not Addressable 


Rx 

Bit 
3 




Receive Shift Register 






10 






ii 
















Clock 
Bit 

2 






Bit Rate 
' Generator 








12 
















(Not Addressable 






Transmit Shift Register 










Tx 
Bit 
4 






* 










■ 


























$13 



Transmit Data Register 
Figure 22 Serial I/O Registers 



Bit WU "Wake-up" on Next Message - set by HD6801V 
software and cleared by hardware on receipt of 
ten consecutive 1 's or reset of RE flag. It should 
be noted that RE flag should be set in advance of 
CPU set of WU flag. 

Bit 1 TE Transmit Enable - set by HD6801V to produce 
preamble of nine consecutive l's and to enable 
gating of transmitter output to Port 2, bit 4 
regardless of the DDR value corresponding to this 
bit; when clear, serial I/O has no effect on Port 2 
bit 4. 

TE set should be after at least one bit time of data 
transmit rate from the set-up of transmit data 
rate and mode. 

Bit 2 TIE Tr ansmit Interrupt Enable - when set, will permit 
an IRQ 2 interrupt to occur when bit 5 (TDRE) is 
set; when clear, the TDRE value is masked from 
the bus. 

Bit 3 RE Receiver Enable - when set, gates Port 2 bit 3 to 
input of receiver regardless of DDR value for this 
bit; when clear, serial I/O has no effect on Port 2 
bit 3. 

Bit 4 RIE Re ceiver Interrupt Enable — when set, will permit 
an IRQ 2 interrupt to occur when bit 7 (RDRF) or 
bit 6 (ORFE) is set; when clear, the interrupt is 
masked. 

Bit 5 TDRE Transmit Data Register Empty — set by hardware 
when a transfer is made from the transmit data 
register to the output shift register. The TDRE bit 
is cleared by reading the status register, then 
writing a new byte into the transmit data register, 



TDRE is initialized to 1 by RES. 

Bit 6 ORFE Over-Run-Framing Error - set by hardware when 
an overrun or framing error occurs (receive only). 
An overrun is defined as a new byte received with 
last byte still in Data Register/Buffer. A framing 
error has occurred when the byte boundaries in bit 
stream are not synchronized to bit counter. If WU 
flag is set, the ORFE bit will not be set. The 
ORFE bit is cleared by reading the status register, 
then reading the Receive Data Register, or by 
RES. 

Bit 7 RDRF Receiver Data Register Full - set by hardware 
when a transfer from the input shift register to the 
receiver data register is made. If WU flag is set, 
the RDRF bit will not be set. The RDRF bit is 
cleared by reading the status reg ister, then reading 
the Receive Data Register, or by RES. 

Rate and Mode Control Register 

The Rate and Mode Control register controls the following 
serial I/O variables: 

• Baud rate 

• format 

• clocking source, and 

• Port 2 bit 2 configuration 

The regi ster consists of 4 bits all of which are write-only and 
cleared on RES. The 4 bits in the register may be considered as 
a pair of 2-bit fields. The two low order bits control the bit rate 
for internal clocking and the remaining two bits control the 
format and clock select logic. The register definition is as 
follows: 



Rate and Mode Control Register 



7 


6 


5 


4 


3 


2 


1 





X 


X 


X 


X 


CC1 


CCO 


SSI 


SSO 



ADDR : $0010 
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Bit SSO Speed Select - These bits select the Baud rate for 
Bit 1 SS1 the internal clock. The four rates which may be 
selected are a function of the CPU <j> 2 clock 
frequency. Table 5 lists the available Baud rates. 



Bit 2 CCO Clock Control and Format Select - this 2-bit field 
Bit 3 CC1 controls the format and clock select logic. Table 6 
defines the bit field. 



Table 5 SCI Bit Times and Rates 



SS1 


SSO 


XTAL 


2.4576 MHz 


4.0 MHz 


4.9152 MHz* 


E 


614.4 kHz 


1.0 MHz 


1.2288 MHz 





1 
1 




1 



1 


E-M6 
E-M28 
E-M024 
E-M096 


26 jus/38,400 Baud 
208 jus/4,800 Baud 
1 .67 ms/600 Baud 
6.67 ms/150 Baud 


16 jus/62,500 Baud 
128jus/7812.5Baud 
1.024 ms/976.6 Baud 
4.096 ms/244.1 Baud 


13/us/76,800Baud 
104.2 jus/9,600 Baud 
833.3 /us/1 ,200 Baud 
3.33 ms/300 Baud 



*HD6801V5Only 



Table 6 SCI Format and Clock Source Control 



CC1 


CCO 


Format 


Clock Source 


Port 2 Bit 2 


Port 2 Bit 3 


Port 2 Bit 4 








- 


- 


- 


** 


*• 





1 


NRZ 


Internal 


Not Used 


#* 


• • 


1 





NRZ 


Internal 


Output* 


#* 


• • 


1 


1 


NRZ 


External 


Input 


** 


»» 



Clock output is available regardless of values for bits RE and TE. 

Bit 3 is used for serial input if RE = "1" in TRCS;bit 4 is used for serial output if TE = "1" in TRCS. 



Internally Generated Clock 

If the user wishes for the serial I/O to furnish a clock, the 
following requirements are applicable: 

• the values of RE and TE are immaterial. 

• CC1 , CCO must be set to 10 

• the maximum clock rate will be E -r 16. 

• the clock will be at lx the bit rate and will have a rising 
edge at mid-bit. 

Externally Generated Clock 

If the user wishes to provide an external clock for the serial 
I/O, the following requirements are applicable: 

• the CC1 , CCO, field in the Rate and Mode Control Register 
must be set to 1 1 , 

• the external clock must be set to 8 times (x8) the desired 
baud rate and 

• the maximum external clock frequency is 1 .0 MHz. 

• Serial Operations 

The serial I/O hardware should be initialized by the 
HD6801V software prior to operation. This sequence will 
normally consist of; 

• writing the desired operation control bits to the Rate and 
Mode Control Register and 

• writing the desired operational control bits in the Transmit/ 
Receive Control and Status Register. 

The Transmitter Enable (TE) and Receiver Enable (RE) bits 
may be left set for dedicated operations. 



Transmit Operations 

The transmit operation is enabled by the TE bit in the 
Transmit/Receive Control and Status Register. This bit when 
set, gates the output of the serial transmit shift register to Port 2 
Bit 4 and takes unconditional control over the Data Direction 
Register value f or Por t 2, Bit 4. 

Following a RES the user should configure both the Rate 
and Mode Control Register and the Transmit/Receive Control 
and Status Register for desired operation. Setting the TE bit 
during this procedure initiates the serial output by first 
transmitting a nine-bit preamble of l's. Following the preamble, 
internal synchronization is established and the transmitter 
section is ready for operation. 

At this point one of two situation exist: 

1) if the Transmit Data Register is empty (TDRE = 1), a 
continuous string of ones will be sent indicating an idle 
line, or, 

2) if data has been loaded into the Transmit Data Register 
(TDRE = 0), the word is transferred to the output shift 
register and transmission of the data word will begin. 

During the transfer itself, the start bit is first transmitted. 
Then the 8 data bits (beginning with bit 0) followed by the stop 
bit, are transmitted. When the Transmitter Data Register has 
been emptied, the hardware sets the TDRE flag bit. 

If the HD6801V fails to respond to the flag within the proper 
time, (TDRE is still set when the next normal transfer from the 
parallel data register to the serial output register should occur) 
then a 1 will be sent (instead of a 0) at "Start" bit time, 
followed by more l's until more data is supplied to the data 
register. No 0's will be sent while TDRE remains a 1 . 
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STBY 
PWR 


RAME 


X 


X 


X 


X 


X 


X 



Receive Operation 

The receive operation is enabled by the RE bit which gates in 
the serial input through Port 2 Bit 3. The receiver section 
operation is conditioned by the contents of the Transmit/ 
Receive Control and Status Register and the Rate and Mode 
Control Register. 

The receiver bit interval is divided into 8 sub-intervals for 
internal synchronization. In the NRZ Mode, the received bit 
stream is synchronized by the first (space) encountered. 

The approximate center of each bit time is strobed during 
the next 10 bits. If the tenth bit is not a 1 (stop bit) a framing 
error is assumed, and bit ORFE is set. If the tenth bit as a 1 , the 
data is transferred to the Receive Data Register, and interrupt 
flag RDRF is set. If RDRF is still set at the next tenth bit time, 
ORFE will be set, indicating an over-run has occurred. When the 
HD6801V responds to either flag (RDRF or ORFE) by reading 
the status register followed by reading the Data Register, RDRF 
(or ORFE) will be cleared. 

■ RAM CONTROL REGISTER 

This register, which is addressed at $0014, gives status 
information about the standby RAM. A in the RAM enable 
bit (RAM E) will disable the standby RAM, thereby protecting 
it at power down if Vcc Standby is held greater than Vsbb 
volts, as explained previously in the signal description for Vqc 
Standby. 

RAM Control Register 



$0014 



Bit Not used. 

Bit 1 Not used. 

Bit 2 Not used. 

Bit 3 Not used. 

Bit 4 Not used. 

Bit 5 Not used. 

Bit 6 RAME The RAM Enable control bit allows the user the 
ability to disable t he s tandby RAM. This bit is set 
to a logic "1" by RES which enables the standby 
RAM and can be written to one or zero under pro- 
gram control. When the RAM is disabled, data is 
read from external memory. 

Big 7 STBY The Standby Power bit is cleared when the stand- 
PWR by voltage is removed. This bit is a read/write sta- 
tus flag that the user can read which indicates that 
the standby RAM voltage has been applied, and 
the data in the standby RAM is valid. 

■ GENERAL DESCRIPTION OF INSTRUCTION SET 

The HD6801V is upward object code compatible with the 
HD6800 as it implements the full HMCS6800 instruction set. 
The execution times of key instructions have been reduced to 
increase throughout. In addition, new instructions have been 
added; these include 16-bit operations and a hardware multiply. 
Included in the instruction set section are the following: 

• CPU Programming Model (Figure 23) 

• Addressing modes 

• Accumulator and memory instructions - Table 7 

• New instructions 

• Index register and stack manipulations instructions - Table 
8 

• Jump and branch instructions - Table 9 



• Condition code register manipulation instructions— Table 10 

• Instructions Execution times in machine cycles - Table 
11 

• Summary of cycle by cycle operation - Table 1 2 

• Summary of undefined instructions operation 

• Op codes Map - Table 13 

• CPU Programming Model 

The programming model for the HD6801V is shown in Figure 
23. The double (D) accumulator is physically the same as the 
Accumulator A concatenated with the Accumulator B so that 
any operation using accumulator D will destroy information in 
A and B. 



l 7 ____<l__,_°lj:___j?___^ 



8-Bit Accumulators A and 8 

Or 16-Bit Double Accumulator D 



01 Index Register (X) 



Stack Pointer (SP) 



PC 



01 Program Counter (PCI 



Jl 



1 J 1 H I I N I Z I V | C | Condition Code Register (CCR) 

Carry/Borrow from MSB 

Overflow 

Zero 

Negative 

Interrupt 

Half Carry (From Bit 3) 



Figure 23 CPU Programming Model 

• CPU Addressing Modes 

The HD6801V eight-bit microcomputer unit has seven address 
modes that can be used by a programmer, with the addressing 
mode a function of both the type of instruction and the coding 
within the instruction. A summary of the addressing modes for 
a particular instruction can be found in Table 1 1 along with the 
associated instruction execution time that is given in machine 
cycles. With a clock frequency of 4 MHz, these times would be 
microseconds. 
Accumulator (ACCX) Addressing 

In accumulator only addressing, either accumulator A or 
accumulator B is specified. These are one-byte instructions. 
Immediate Addressing 

In immediate addressing, the operand is contained in the 
second byte of the instruction except LDS and LDX which have 
the operand in the second and third bytes of the instruction. 
The CPU addresses this location when it fetches the immediate 
instruction for execution. These are two or three-byte instruc- 
tions. 
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Table 7 Accumulator & Memory Instructions 



Operations 


Mnemonic 


Addressing Modes 


ED 


Boolean/ 
Arithmetic Operation 


Condition Code 
Register 


IMMED. 


DIRECT 


INDEX 


EXTEND 


IMPLII 


hr 


4 


3 


2 


1 







OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


H 


1 


N 


Z 


V 


c 


Add 


ADDA 


8B 


2 


2 


9B 


3 


2 


AB 


4 


2 


BB 


4 


3 








A + B- A 


T 






X 


t 


t 




ADDB 


CB 


2 


2 


DB 


3 


2 


EB 


4 


2 


FB 


4 


3 








B + M-B 


t 






X 


t 


t 


Add Double 


ADDD 


C3 


4 


3 


D3 


5 


2 


E3 


6 


2 


F3 


6 


3 








A: B+M: M+1-A: B 


• 






X 


t 


t 


Add Accumulators 


ABA 


























IB 


2 


1 


A + B-A 


iT 






X 


t 


t 


Add With Carry 


ADCA 


89 


2 


2 


99 


3 


2 


A9 


4 


2 


B9 


4 


3 








A+M+C-A 


t 






X 


t 


t 




ADCB 


C9 


2 


2 


D9 


3 


2 


E9 


4 


2 


F9 


4 


3 








B+ M + C-B 


\x_ 






X 


t 


t 


AND 


ANDA 


84 


2 


2 


94 


3 


2 


A4 


4 


2 


B4 


4 


3 








A«M-A 








X 


R 


• 




ANDB 


C4 


2 


2 


D4 


3 


2 


E4 


4 


2 


F4 


4 


'3 








B-M-B 








X 


R 


• 


Bit Test 


BIT A 


85 


2 


2 


95 


3 


2 


A5 


4 


2 


B5 


4 


3 








A-M 








X 


R 


• 




BITB 


C5 


2 


2 


D5 


3 


2 


E5 


4 


2 


F5 


4 


3 








B*M 








X 


R 


• 


Clear 


CLR 














6F 


6 


2 


7F 


6 


3 








00 -M 






R 


S 


R 


R 




CLRA 


























4F 


2 


1 


00- A 






R 


S 


R 


R 




CLRB 


























5F 


2 


1 


00 -B 






R 


s 


R 


R 


Compare 


CMPA 


81 


2 


2 


91 


3 


2 


A1 


4 


2 


B1 


4 


3 








A-M 








X 


t 


X 




CMPB 


CI 


2 


2 


D1 


3 


2 


El 


4 


2 


F1 


4 


3 








B -M 








X 


t 


X 


Compare 
Accumulators 


CBA 


























11 


2 


1 


A-B 








X 


t 


X 


Complement, 1 's 


COM 














63 


6 


2 


73 


6 


3 








M-M 








X 


R 


s 




COMA 


























43 


2 


1 


A-A 








X 


R 


s 




COMB 


























53 


2 


1 


B -B 








t 


R 


s 


Complement, 2's 


NEG 














60 


6 


2 


70 


6 


3 








00-M-M 








X 


© 


© 


(Negate) 


NEGA 


























40 


2 


1 


00 - A - A 








X 


® 


© 




NEGB 


























50 


2 


1 


00 - B - B 








X 


© 


© 


Decimal Adjust. A 


DAA 


























19 


2 


1 


Converts binary add of BCD 
characters into BCD format 








X 


t 


® 


Decrement 


DEC 














6A 


6 


2 


7A 


6 


3 








M-1 -M 








X 


© 






DECA 


























4A 


2 


1 


A-1 - A 








X 


© 






DECB 


























5A 


2 


1 


B - 1 -B 








X 


© 




Exclusive OR 


EORA 


88 


2 


2 


98 


3 


2 


A8 


4 


2 


B8 


4 


3 








A© M-A 








X 


R 






EORB 


C8 


2 


2 


D8 


3 


2 


E8 


4 


2 


F8 


4 


3 








B ©M- B 








X 


R 




Increment 


INC 














6C 


6 


2 


7C 


6 


3 








M + 1 -M 








t 


@ 






INCA 


























4C 


2 


1 


A+1 - A 








t 


© 






INCB 


























5C 


2 


1 


8 + 1- B 








t 


® 




Load 


LDAA 


86 


2 


2 


96 


3 


2 


A6 


4 


2 


B6 


4 


3 








M-A 








t 


R 




Accumulator 


LDAB 


C6 


2 


2 


D6 


3 


2 


E6 


4 


2 


F6 


4 


3 








M-B 








t 


R 




Load Double 
Accumulator 


LDD 


CC 


3 


3 


DC 


4 


2 


EC 


5 


2 


FC 


5 


3 








M+1-B.M-A 








t 


R 




Multiply Unsigned 


MUL 


























3D 


10 


1 


AxB- A :B 








• 


• 


® 


OR, Inclusive 


ORAA 


8A 


2 


2 


9A 


3 


2 


AA 


4 


2 


BA 


4 


3 








A + M- A 








t 


R 






ORAB 


CA 


2 


2 


DA 


3 


2 


EA 


4 


2 


FA 


4 


3 








B +M- B 








t 


R 




Push Data 


PSHA 


























36 


3 


1 


A - Msp, SP - 1 - SP 






• 


• 


• 






PSHB 


























37 


3 


1 


B - Msp, SP - 1 - SP 






• 


• 


• 




Pull Data 


PULA 


























32 


4 


1 


SP+ 1-SP,Msp- A 






• 


• 


• 






PULB 


























33 


4 


1 


SP + 1 - SP, Msp - B 






• 


• 


• 




Rotate Left 


ROL 














69 


6 


2 


79 


6 


3 








M, | 1 








t 


© 






ROLA 


























49 


2 


1 


sl'-gu 1 J 








t 


® 






ROLB 


























59 


2 


1 








t 


© 




Rotate Right 


ROR 














66 


6 


2 


76 


6 


3 








fc- 








t 


© 




H . • i 






RORA 


























46 


2 


1 


a KJ-U NIMH 

B J C b7 bO 








t 


© 






RORB 


























56 


2 


1 








* 


S: 





The Condition Code Register notes are listed after Table 10. 
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Table 7 Accumulator & Memory Instructions (Continued) 





Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic Operation 


Condition Code 
Register 


Operations 


IMMED. 


DIRECT 


INDEX 


EXTEND 


IMPLIED 


5 


4 


3 


2 


1 







OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


H 


1 


N 


Z 


V 


C 


Shift Left 


ASL 














68 


6 


2 


78 


6 


3 








M ( „ 










© 




Arithmetic 


AS LA 


























48 


2 


1 


a I H 1 II 1 1 1 1 K-o 










® 






AS LB 


























58 


2 


1 


B ) C b7 bO 










© 






ASLD 


























05 


3 


1 












© 




Double Shift 
Left, Arithmetic 






IH Ate A/ AcC B U-o 

C A7 AO B7 BO 




Shift Right 


ASR 














67 


6 


2 


77 


6 


3 








Ml ,_, * 










© 




Arithmetic 


ASRA 


























47 


2 


1 


:l ^ ' " " w 










© 






ASRB 


























57 


2 


1 










© 




Shift Right 


LSR 














64 


6 


2 


74 


6 


3 








M) ► 








$ 


J) 




Logical 


LSRA 


























44 


2 


1 


a ch i i i 1 1 1 1 i-n 

B J b7 bO C 










© 






LSRB 


























54 


2 


1 










© 






LSRD 


























04 


3 


1 


* 






R 




© 




Double Shift 
Right Logical 


0-*| ACC A/ ACC B Ul | 
A7 AO 87 BO <T 




Store 


STAA 








97 


3 


2 


A7 


4 


2 


B7 


4 


3 








A-+M 










R 


• 


Accumulator 


STAB 








D7 


3 


2 


E7 


4 


2 


F7 


4 


3 








B ->M 










R 


• 


Store Double 
Accumulator 


STD 








DD 


4 


2 


ED 


5 


2 


FD 


5 


3 








A-M 
B — M + 1 










R 


• 


Subtract 


SUBA 


80 


2 


2 


90 


3 


2 


A0 


4 


2 


BO 


4 


3 








A-M ->A 
















SUBB 


CO 


2 


2 


DO 


3 


2 


E0 


4 


2 


FO 


4 


3 








B -M -B 














Double Subtract 


SUBD 


83 


4 


3 


93 


5 


2 


A3 


6 


2 


B3 


6 


3 








A : B-M : M + 1-» A : B 














Subtract 
Accumulators 


SBA 


























10 


2 


1 


A-B-* A 














Subtract 


SBCA 


82 


2 


2 


92 


3 


2 


A2 


4 


2 


B2 


4 


3 








A-M-C-A 














With Carry 


SBCB 


C2 


2 


2 


D2 


3 


2 


E2 


4 


2 


F2 


4 


3 








B -M-C-B 














Transfer 


TAB 


























16 


2 


1 


A-B 










R 


• 


Accumulators 


TBA 


























17 


2 


1 


B- A 










R 


• 


Test Zero or 


TST 














6D 


6 


2 


7D 


6 


3 








M-00 










R 


R 


Minus 


TSTA 


























40 


2 


1 


A -00 










R 


R 




TSTB 


























5D 


2 


1 


B -00 










R 


R 



The Condition Code Register notes are listed after Table 10. 



Direct Addressing 

In direct addressing, the address of the operand is contained 
in the second byte of the instruction. Direct addressing allows 
the user to directly address the lowest 256 bytes in the machine 
i.e., locations zero through 255. Enhanced execution times are 
achieved by storing data in these locations. In most configura- 
tions, it should be a random access memory. These are two-byte 
instructions. 
Extended Addressing 

In extended addressing, the address contained in the second 
byte of the instruction is used as the higher eight-bits of the 
address of the operand. The third byte of the instruction is used 
as the lower eight-bits of the address for the operand. This is an 
absolute address in memory. These are three-byte instructions. 
Indexed Addressing 

In indexed addressing, the address contained in the second 
byte of the instruction is added to the index register's lowest 



eight bits in the CPU. The carry is then added to the higher 
order eight bits of the index register. This result is then used to 
address memory. The modified address is held in a temporary 
address register so there is no change to the index register. These 
are two-byte instructions. 
Implied Addressing 

In the implied addressing mode the instruction gives the 
address (i.e., stack pointer, index register, etc.). These are 
one-byte instructions. 
Relative Addressing 

In relative addressing, the address contained in the second 
byte of the instruction is added to the program counter's lowest 
eight bits plus two. The carry or borrow is then added to the 
high eight bits. This allows the user to address data within a 
range of -126 to +129 bytes of the present instruction. These 
are two-byte instructions. 
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• New Instructions 

In addition to the existing 6800 Instruction Set, the following new instructions are 
incorporated in the HD6801V Microcomputer. 

ABX Adds the 8-bit unsigned accumulator B to the 16-bit X-Register taking into account 

the possible carry out of the low order byte of the X-Register. 
ADDD Adds the double precision ACCD* to the double precision value M:M+1 and places 

the results in ACCD. 
ASLD Shifts all bits of ACCD one place to the left. Bit is loaded with zero. The C bit is 

loaded from the most significant bit of ACCD. 
LDD Loads the contents of double precision memory location into the double 

accumulator A:B. The condition codes are set according to the data. 
LSRD Shifts- all bits of ACCD one place to the right. Bit 15 is loaded with zero. The C bit 

is loaded from the least significant bit to ACCD. 
MUL Multiplies the 8 bits in accumulator A with the 8 bits in accumulator B to obtain a 

16-bit unsigned number in A:B, ACCA contains MSB of result. 
PSHX The contents of the index register is pushed onto the stack at the address contained 

in the stack pointer. The stack pointer is decremented by 2. 
PULX The .index register is pulled from the stack beginning at the current address 

contained in the stack pointer +1. The stack pointer is incremented by 2 in total. 
STD Stores the contents of double accumulator A:B in memory. The contents of ACCD 

remain unchanged. 
SUBD Subtracts the contents of M:M + 1 from the contents of double accumulator AB 

and places the result in ACCD. 
BRN Never branches. If effect, this instruction can be considered a two byte NOP (No 

operation) requiring three cycles for execution. 

CPX Internal processing modified to permit its use with any conditional branch instru- 
ction. 

•ACCD is the 16 bit register (A:B) formed by concatenating the A and B accumulators. The A -accumu- 
lator is the most significant byte. 



Table 8 Index Register and Stack Manipulation Instructions 





Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic Operation 


Condition Code 
Register 


Pointer Operations 


IMMED. 


DIRECT 


INDEX 


EXTND 


IMPLIED 


5 


4 


3 


2 


1 







OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


H 


1 


N 


Z 


V 


C 


Compare Index Reg 


CPX 


8C 


4 


3 


9C 


5 


2 


AC 


6 


2 


BC 


6 


3 








X-M: M+1 


• 


• 


X 


X 


X 


% 


Decrement Index Reg 


DEX 


























09 


3 


1 


X-1-X 


• 


• 


• 


X 


• 


• 


Decrement Stack Pntr 


DES 


























34 


3 


1 


SP - 1 -» SP 














Increment Index Reg 


INX 


























08 


3 


1 


X + 1-X 


• 


• 


• 


X 


• 


• 


Increment Stack Pntr 


INS 


























31 


3 


1 


SP + 1 -» SP 














Load Index Reg 


LDX 


CE 


3 


3 


DE 


4 


2 


EE 


5 


2 


FE 


5 


3 








M-»X H . (M+1)-»X L 


• 


• 


® 


X 


R 


• 


Load Stack Pntr 


LDS 


8E 


3 


3 


9E 


4 


2 


AE 


5 


2 


BE 


5 


3 








M-SPh.W+^-SPl 


• 


• 


® 


X 


R 


• 


Store Index Reg 


STX 








DF 


4 


2 


EF 


5 


2 


FF 


5 


3 








X H -*M.X L -{M + 1) 


• 


• 


® 


X 


R 


• 


Store Stack Pntr 


STS 








9F 


4 


2 


AF 


5 


2 


BF 


S 


3 








SP H -M,SP L -(M + 1) 


• 


• 


® 


X 


R 


• 


Index Reg -* Stack Pntr 


TXS 


























35 


3 


1 


X-1-*SP 














Stack Pntr-+ Index Reg 


TSX 


























30 


3 


1 


SP+1-»X 














Add 


ABX 


























3A 


3 


1 


B + X-+X 














Push Data 


PSHX 


























3C 


4 


1 


X u -M,p,SP-1-SP 
XH-M,p.SP-1-*SP 


• 


• 


• 


• 


• 


• 


Pull Data 


PULX 


























38 


S 


1 


SP + 1-SP.M.p-Xh 
SP+1-SP.M,p-X L 















The Condition Code Register notes are listed after Table 10. 



98 



HITACHI 



Table 9 Jump and Branch Instructions 



HD6801V0,HD6801V5 





Mnemonic 


Addressing Modes 


Branch Test 


Condition Code 
Register 


Operations 


RELATIVE 


DIRECT 


INDEX 


EXTND 


IMPLIED 


5 


4 


3 


2 


1 







OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


H 


I 


N 


Z 


V 


c 


Branch Always 


BRA 


20 


3 


2 


























None 














Branch Never 


BRN 


21 


3 


2 


























None 














Branch If Carry Clear 


BCC 


24 


3 


2 


























C = 














Branch If Carry Set 


BCS 


25 


3 


2 


























C = 1 














Branch If = Zero 


BEQ 


27 


3 


2 


























Z-1 














Branch If > Zero 


BGE 


2C 


3 


2 


























N© V«0 














Branch If > Zero 


BGT 


2E 


3 


2 


























Z + (N© V)-0 














Branch If Higher 


BHI 


22 


3 


2 


























C + Z-0 














Branch If < Zero 


BLE 


2F 


3 


2 


























Z + (N © V) - 1 














Branch If Lower Or 
Same 


BLS 


23 


3 


2 


























C + Z-1 














Branch If < Zero 


BLT 


2D 


3 


2 


























N© V=1 














Branch If Minus 


BMI 


2B 


3 


2 


























N = 1 














Branch If Not Equal 
Zero 


BNE 


26 


3 


2 


























Z-0 














Branch If Overflow 
Clear 


BVC 


28 


3 


2 


























V-0 














Branch If Overflow Set 


BVS 


29 


3 


2 


























V-1 














Branch If Plus 


BPL 


2A 


3 


2 


























N-0 














Branch To Subroutine 


BSR 


8D 


6 


2 








































Jump 


JMP 














6E 


3 


2 


7E 


3 


3 




















Jump To Subroutine 


JSR 








9D 


5 


2 


AD 


6 


2 


BD 


6 


3 




















No Operation 


NOP 


























01 


2 


1 


Advances Prog. Cntr. 
Only 














Return From Interrupt 


RTI 


























3B 


10 


1 




( 


D 




Return From 
Subroutine 


RTS 


























39 


S 


1 














Software Interrupt 


SWI 


























3F 


12 


1 


• 


S 


• 


• 


• 


• 


Wait for Interrupt 


WAI 


























3E 


9 


1 


• 


<D 


• 


• 


• 


• 



Table 10 Condition Code Register Manipulation Instructions 





Mnemonic 


Address ingModes 


Boolean Operation 


Condition Code Register 


Operations 


IMPLIED 


5 


4 


3 


2 


1 







OP 


~ 


# 


H 


1 


N 


Z 


V 


c 


Clear Carry 


CLC 


OC 


2 




0-+C 




• 






• 


R 


Clear Interrupt Mask 


CD 


0E 


2 




0- 1 




R 






• 


• 


Clear Overflow 


CLV 


0A 


2 




0-V 




• 






R 


• 


Set Carry 


SEC 


0D 


2 




1 -C 




• 






• 


S 


Set Interrupt Mask 


SEI 


OF 


2 




1 -♦ 1 




S 






• 


• 


Set Overflow 


SEV 


OB 


2 




1 -*V 




• 






S 


• 


Accumulator A -* CCR 


TAP 


06 


2 




A-» CCR 


<aS) 




CCR -* Accumulator A 


TPA 


07 


2 




CCR->-A 


.|.|.|.|. I- 



Condition Code Register Notes: (Bit set it test is true and cleared otherwise) 

® (Bit V) Test: Result = 10000000? 

® (Bit C) Test: Result k 00000000? 

® (Bit C) Test: Decimal value of most significant BCD Character greater than nine? (Not cleared if previously set) 

® (Bit V) Test: Operand - 10000000 prior to execution? 

® (Bit V) Test: Operand = 01 1 1 1 1 1 1 prior to execution? 

® (Bit V) Test: Set equal to result to N © C after shift has occurred. 

® (Bit N) Test: Result less than zero? (Bit 15-1) 

® (All) Load Condition Code Register from Stack. (See Special Operations) 

® (Bit I) Set when interrupt occurs. If previously set, a Non-Maskable Interrupt is required to exit the wait state. 

® (All) Set according to the contents of Accumulator A. 

® (BitC) Set equal to result of Bit 7 (AccB) 
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Table 1 1 Instruction Execution Times in Machine Cycle 





ACCX ,mme - 
A ^* diate 


Direct 


Ex- 
tended 


In- 
dexed 


Im- 
plied 


Re- 
lative 




accx set 


Direct 


Ex- 
tended 


In- 
dexed 


Im- Re- 
plied lativc 


ABA 


• • 


• 


• 


• 


2 




INX 


• • 


• 


• 


- • 


3 • 


ABX 


• • 


• 


• 


• 


3 




JMP 


• • 


• 


3 


3 


• • 


ADC 


• 2 


3 


4 


4 






JSR 


• • 


5 


6 


6 


• • 


ADD 


• 2 


3 


4 


4 






LDA 


• 2 


3 


4 


4 


• • 


ADDD 


• 4 


5 


6 


6 






LDD 


• 3 


4 


5 


5 


• • 


AND 


• 2 


3 


4 


4 






LDS 


• 3 


4 


5 


5 


• • 


ASL 






6 


6 






LDX 


• 3 


4 


5 


5 


• • 


ASLD 






• 


• 






LSR 






6 


6 


• • 


ASR 






6 


6 






LSRD 






• 


• 


3 • 


BCC 












3 


MUL 






• 


• 


10 • 


BCS 












3 


NEG 






6 


6 


• • 


BEQ 












3 


NOP 






• 


• 


2 • 


BGE 












3 


ORA 






4 


4 


• • 


BGT 












3 


PSH 






• 


• 


• • 


BHI 












3 


PSHX 






• 


• 


4 • 


BIT 












• 


PUL 






• 


• 


• • 


BLE 












3 


PULX 






• 


• 


5 • 


BLS 












3 


ROL 


2 • 




6 


6 


• • 


BLT 












3 


ROR 


2 • 




6 


6 


• • 


BMI 












3 


RTI 






• 


• 


10 • 


BNE 












3 


RTS 






• 


• 


5 • 


BPL 












3 


SBA 






• 


• 


2 • 


BRA 












3 


SBC 






4 


4 


• • 


BRN 












3 


SEC 






• 


• 


2 • 


BSR 












6 


SEI 






• 


• 


2 • 


BVC 












3 


SEV 






• 


• 


2 • 


BVS 












3 


STA 




3 


4 


4 




CBA 










2 




STD 




4 


5 


5 




CLC 










2 




STS 




4 


5 


5 




CLI 










2 




STX 




4 


5 


5 




CLR 






6 


6 


• 




SUB 


• 2 


3 


4 


4 




CLV 






• 


• 


2 




SUBD 


• 4 


5 


6 


6 




CMP 






4 


4 


• 




SWI 










12 • 


COM 






6 


6 


• 




TAB 










2 • 


CPX 






6 


6 


• 




TAP 










2 • 


DAA 






• • 


• 


2 




TBA 










2 • 


DEC 






6 


6 


• 




TPA 










2 • 


DES 






• 


• 


3 




TST 










• • 


DEX 






• 


• 


3 




TSX 










3 • 


EOR 






4 


4 


• 




TXS 










3 • 


INC 


2 • 




6 


6 


• 




WAI 










9 • 


INS 


• • 




• 


• 


3 
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• Summary of Cycle by Cycle Operation 

Table 12 provides a detailed description of the information 
present on the Address Bus, Data Bus, and the Read/Write line 
(R/W) during each cycle for each instruction. 

This information is useful in comparing actual with expected 
results during debug of both software and hardware as the 



control program is executed. The information is categorized in 
groups according to addressing mode and number of cycles per 
instruction. (In general, instructions with the same addressing 
mode and number of cycles execute in the same manner; ex- 
ceptions are indicated in the table). 



Table 12 Cycle by Cycle Operation 



Address Mode & 
Instructions 



Cycles 



Cycle 

# 



Address Bus 



R/W 
Line 



Data Bus 



IMMEDIATE 



ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 


2 


1 
2 


Op Code Address 
Op Code Address + 1 


1 
1 


Op Code 
Operand Data 


LDS 
LDX 
LDD 


3 


1 
2 
3 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 




Op Code 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 


CPX 

SUBD 

ADDD 


4 


1 
2 
3 
4 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Address Bus FFFF 




Op Code 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


DIRECT 


ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 


3 


1 
2 
3 


Op Code Address 
Op Code Address + 1 
Address of Operand 




Op Code 

Address of Operand 

Operand Data 


STA 


3 


1 
2 
3 


Op Code Address 
Op Code Address + 1 
Destination Address 





Op Code 

Destination Address 
Data from Accumulator 


LDS 
LDX 
LDD 


4 


1 
2 
3 
4 


Op Code Address 
Op Code Address + 1 
Address of Operand 
Operand Address + 1 




Op Code 

Address of Operand 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 


STS 
STX 
STD 


4 


1 
2 
3 
4 


Op Code Address 
Op Code Address + 1 
Address of Operand 
Address of Operand + 1 






OpCode 

Address of Operand 

Register Data (High Order Byte) 

Register Data (Low Order Byte) 


CPX 

SUBD 

ADDD 


5 


1 
2 
3 
4 
5 


Op Code Address 
Op Code Address + 1 
Operand Address 
Operand Address + 1 
Address Bus FFFF 




Op Code 

Address of Operand 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 

Low Byte of Restart Vector 


JSR 


5 


1 
2 
3 
4 
5 


Op Code Address 
Op Code Address + 1 
Subroutine Address 
Stack Pointer 
Stack Pointer + 1 






OpCode 

Irrelevant Data 

First Subroutine Op Code 

Return Address (Low Order Byte) 

Return Address (High Order Byte) 
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Table 12 Cycle by Cycle Operation (Continued) 



Address Mode & 
Instructions 



Cycles 



Cycle 

# 



Address Bus 



R/W 
Line 



Data Bus 



INDEXED 



JMP 


3 


1 
2 
3 


Op Code Address 
Op Code Address + 1 
Address Bus FFFF 




Op Code 

Offset 

Low Byte of Restart Vector 




ADC EOR 


4 


1 


Op Code Address 




Op Code 




ADD LDA 




2 


Op Code Address + 1 




Offset 




AND ORA 




3 


Address Bus FFFF 




Low Byte of Restart Vector 




BIT SBC 




4 


Index Register Plus Offset 


/1 


Operand Data 




CMP SUB 














STA 


4 


1 
2 
3 


Op Code Address 
Op Code Address + 1 
Address Bus FFFF 




Op Code 

Offset 

Low Byte of Restart Vector 








4 


Index Register Plus Offset 





Operand Data 




LDS 


5 


1 


Op Code Address 




Op Code 




LDX 




2 


Op Code Address + 1 




Offset 




LDD 




3 
4 
5 


Address Bus FFFF 
Index Register Plus Offset 
Index Register Plus Offset + 1 




Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 




STS 


5 


1 


Op Code Address 




Op Code 




STX 




2 


Op Code Address + 1 




Offset 




STD 




3 


Address Bus FFFF 




Low Byte of Restart Vector 








4 


Index Register Plus Offset 





Operand Data (High Order Byte) 








5 


Index Register Plus Offset + 1 





Operand Data (Low Order Byte) 




ASL LSR 


6 


1 


Op Code Address 




Op Code 




ASR NEG 




2 


Op Code Address + 1 




Offset 




CLR ROL 




3 


Address Bus FFFF 




Low Byte of Restart Vector 




COM ROR 




4 


Index Register Plus Offset 




Current Operand Data 




DEC TST # 




5 


Address Bus FFFF 




Low Byte of Restart Vector 




INC 




6 


Index Register Plus Offset 





New Operand Data 




CPX 


6 


1 


Op Code Address 




Op Code 




SUBD 




2 


Op Code Address + 1 




Offset 




ADDD 




3 
4 
5 


Address Bus FFFF 
Index Register + Offset 
Index Register + Offset + 1 




Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 








6 


Address Bus FFFF 


1* 


Low Byte of Restart Vector 




JSR 


6 


1 
2 
3 
4 


Op Code Address 
Op Code Address + 1 
Address Bus FFFF 
Index Register + Offset 




OpCode 

Offset 

Low Byte of Restart Vector 

First Subroutine Op Code 








5 


Stack Pointer 





Return Address (Low Order Byte) 








6 


Stack Pointer - 1 





Return Address (High Order Byte) 





In the TST instruction, R/W line of the sixth cycle is "1" level, and AB=FFFF, DB=Low Byte of Reset Vector. 
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Address Mode & 
Instructions 



Cycles 



Cycle 

# 



Address Bus 



R/W 
Line 



Data Bus 



EXTENDED 



JMP 


3 


1 


Op Code Address 


1 


Op Code 






2 


Op Code Address + 1 


1 


Jump Address (High Order Byte) 






3 


Op Code Address + 2 


1 


Jump Address (Low Order Byte) 


ADC EOR 


4 


1 


Op Code Address 


1 


OpCode 


ADD LDA 




2 


Op Code Address + 1 


1 


Address of Operand (High Order Byte) 


AND ORA 




3 


Op Code Address + 2 


1 


Address of Operand (Low Order Byte) 


BIT SBC 




4 


Address of Operand 


1 


Operand Data 


CMP SUB 












STA 


4 


1 


Op Code Address 


1 


OpCode 






2 


Op Code Address + 1 


1 


Destination Address (High Order Byte) 






3 


Op Code Address + 2 


1 


Destination Address (Low Order Byte) 






4 


Operand Destination Address 





Data from Accumulator 


LDS 


5 


1 


Op Code Address 


1 


Op Code 


LDX 




2 


Op Code Address + 1 


1 


Address of Operand (High Order Byte) 


LDD 




3 


Op Code Address + 2 


1 


Address of Operand (Low Order Byte) 






4 


Address of Operand 


1 


Operand Data (High Order Byte) 






5 


Address of Operand + 1 


1 


Operand Data (Low Order Byte) 


STS 


5 


1 


Op Code Address 


1 


OpCode 


STX 




2 


Op Code Address + 1 


1 


Address of Operand (High Order Byte) 


STD 




3 


Op Code Address + 2 


1 


Address of Operand (Low Order Byte) 






4 


Address of Operand 





Operand Data (High Order Byte) 






5 


Address of Operand + 1 





Operand Data (Low Order Byte) 


ASL LSR 


6 


1 


Op Code Address 


1 


OpCode 


ASR NEG 




2 


Op Code Address + 1 


1 


Address of Operand (High Order Byte) 


CLR ROL 




3 


Op Code Address + 2 


1 


Address of Operand (Low Order Byte) 


COM ROR 




4 


Address of Operand 


1 


Current Operand Data 


DEC TST» 




5 


Address Bus FFFF 


1 


Low Byte of Restart Vector 


INC 




6 


Address of Operand 





New Operand Data 


CPX 


6 


1 


Op Code Address 


1 


OpCode 


SUBD 




2 


Op Code Address + 1 


1 


Operand Address (High Order Byte) 


ADDD 




3 


Op Code Address + 2 


1 


Operand Address (Low Order Byte) 






4 


Operand Address 


1 


Operand Data (High Order Byte) 






5 


Operand Address + 1 


1 


Operand Data (Low Order Byte) 






6 


Address Bus FFFF 


1 


Low Byte of Restart Vector 


JSR 


6 


1 


Op Code Address 


1 


Op Code 






2 


Op Code Address + 1 


1 


Address of Subroutine (High Order Byte) 






3 


Op Code Address + 2 


1 


Address of Subroutine (Low Order Byte) 






4 


Subroutine Starting Address 


1 


Op Code of Next Instruction 






5 


Stack Pointer 





Return Address (Low Order Byte) 






6 


Stack Pointer - 1 





Return Address (High Order Byte) 



In the TST instruction, R/W line of the sixth cycle is "1 " level, and AB = FFFF, DB = Low Byte of Reset Vector. 
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Table 12 Cycle by Cycle Operation (Continued) 



Address Mode & 
Instructions 



Cycles 



Cycle 

# 



Address Bus 



R/W 
Line 



Data Bus 



IMPLIED 



ABA DAA SEC 


2 


1 


Op Code Address 


1 


Op Code 


ASL DEC SEI 




2 


Op Code Address + 1 


1 


Op Code of Next Instruction 


ASR INC SEV 












CBA LSR TAB 












CLC NEG TAP 












CLI NOP TBA 












CLR ROL TPA 












CLV ROR TST 












COM SBA 












ABX 


3 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Irrelevant Data 






3 


Address Bus FFFF 




Low Byte of Restart Vector 


ASLD 


3 


1 


Op Code Address 




Op Code 


LSRD 




2 


Op Code Address + 1 




Irrelevant Data 






3 


Address Bus FFFF 




Low Byte of Restart Vector 


DES 


3 


1 


Op Code Address 




Op Code 


INS 




2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Previous Register Contents 




Irrelevant Data 


INX 


3 


1 


Op Code Address 




Op Code 


DEX 




2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Address Bus FFFF 




Low Byte of Restart Vector 


PSHA 


3 


1 


Op Code Address 




Op Code 


PSHB 




2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Stack Pointer 





Accumulator Data 


TSX 


3 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Stack Pointer 




Irrelevant Data 


TXS 


3 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Address Bus FFFF 




Low Byte of Restart Vector 


PULA 


4 


1 


Op Code Address 




Op Code 


PULB 




2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Stack Pointer 




Irrelevant Data 






4 


Stack Pointer + 1 






PSHX 


4 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Irrelevant Data 






3 


Stack Pointer 





Index Register (Low Order Byte) 






4 


Stack Pointer - 1 





Index Register (High Order Byte) 


PULX 


5 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Irrelevant Data 






3 


Stack Pointer 




Irrelevant Data 






4 


Stack Pointer + 1 




Index Register (High Order Byte) 






5 


Stack Pointer +2 




Index Register (Low Order Byte) 


RTS 


5 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Irrelevant Data 






3 


Stack Pointer 




Irrelevant Data 






4 


Stack Pointer + 1 




Address of Next Instruction 
(High Order Byte) 






5 


Stack Pointer + 2 




Address of Next Instruction 
(Low Order Byte) 


WAI** 


9 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Stack Pointer 





Return Address (Low Order Byte) 






4 


Stack Pointer — 1 





Return Address (High Order Byte) 
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Table 12 Cycle by Cycle Operation (Continued) 



Address Mode & 
Instructions 


Cycles 


Cycle 

# 


Address Bus 


R/W 
Line 


Data Bus 


WAI** 




5 


Stack Pointer - 2 





Index Register (Low Order Byte) 






6 


Stack Pointer - 3 





Index Register (High Order Byte) 






7 


Stack Pointer — 4 





Contents of Accumulator A 






8 


Stack Pointer — 5 





Contents of Accumulator B 






9 


Stack Pointer - 6 





Contents of Cond. Code Register 


MUL 


10 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Irrelevant Data 






3 


Address Bus FFFF 




Low Byte of Restart Vector 






4 


Address Bus FFFF 




Low Byte of Restart Vector 






5 


Address Bus FFFF 




Low Byte of Restart Vector 






6 


Address Bus FFFF 




Low Byte of Restart Vector 






7 


Address Bus FFFF 




Low Byte of Restart Vector 






8 


Address Bus FFFF 




Low Byte of Restart Vector 






9 


Address Bus FFFF 




Low Byte of Restart Vector 






10 


Address Bus FFFF 




Low Byte of Restart Vector 


RTI 


10 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Irrelevant Data 






3 


Stack Pointer 




Irrelevant Data 






4 


Stack Pointer + 1 




Contents of Cond. Code Reg. 
from Stack 






5 


Stack Pointer + 2 




Contents of Accumulator B 
from Stack 






6 


Stack Pointer + 3 




Contents of Accumulator A 
from Stack 






7 


Stack Pointer + 4 




Index Register from Stack 
(High Order Byte) 






8 


Stack Pointer + 5 




Index Register from Stack 
(Low Order Byte) 






9 


Stack Pointer + 6 




Next Instruction Address from 
Stack (High Order Byte) 






10 


Stack Pointer + 7 




Next Instruction Address from 
Stack (Low Order Byte) 


SWI 


12 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Irrelevant Data 






3 


Stack Pointer 





Return Address (Low Order Byte) 






4 


Stack Pointer - 1 





Return Address (High Order Byte) 






5 


Stack Pointer - 2 





Index Register (Low Order Byte) 






6 


Stack Pointer - 3 





Index Register (High Order Byte) 






7 


Stack Pointer — 4 





Contents of Accumulator A 






8 


Stack Pointer — 5 





Contents of Accumulator B 






9 


Stack Pointer - 6 





Contents of Cond. Code Register 






10 


Stack Pointer — 7 


1 


Irrelevant Data 






11 


Vector Address FFFA (Hex) 


1 


Address of Subroutine 
(High Order Byte) 






12 


Vector Address FFFB (Hex) 


1 


Address of Subroutine 










(Low Order Byte) 



"While the MCU is in the "Wait" state, its bus state will appear as a series of MCU reads of an address which is seven locations less than the 
original contents of the Stack Pointer. Contrary to the HD6800, none of the ports are driven to the high impedance state by a WAI instr- 
uction. 

(Continued) 
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Table 12 Cycle by Cycle Operation (Continued) 



Address Mode & 
Instruction 



Cycles 



Cycle 

# 



Address Bus 



R/W 
Line 



Data Bus 



RELATIVE 



BCC BHT BNE 


3 


1 


Op Code Address 


1 


Op Code 


BCS BLE BPL 




2 


Op Code Address + 1 


1 


Branch Offset 


BEQ BLS BRA 




3 


Address Bus FFFF 


1 


Low Byte of Restart Vector 


BGE BLT BVC 












BGT BMT BVS 












BRN 












BSR 


6 


1 


Op Code Address 


1 


Op Code 






2 


Op Code Address + 1 


1 


Branch Offset 






3 


Address Bus FFFF 


1 


Low Byte of Restart Vector 






4 


Subroutine Starting Address 


1 


Op Code of Next Instruction 






5 


Stack Pointer 





Return Address (Low Order Byte) 






6 


Stack Pointer — 1 





Return Address (High Order Byte) 



• Summary of Undefined Instruction Operations 

The HD6801 V has 36 undefined instructions. When these are 
carried out, the contents of Register and Memory in MCU 
change at random. 



When the op codes (4E, 5E) are used to execute , the MCU 
continues to increase the program counter and it will not stop 
until the Reset signal enters. These op codes are used to test the 
LSI. 



Table 1 3 Op codes Map 











HD6801V MICROCOMPUTER 


INSTRUCTIONS 








OP 
CODE 




ACC 
A 


ACC 
B 


IND 


EXT 


ACCA or SP 


ACCB or X 




IMM 


DIR 


IND 


EXT 


IMM 


DIR 


IND 


EXT 




LO^-- 


HI 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 







1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 




0000 







SBA 


BRA 


TSX 


NEG 


SUB 





0001 


1 


NOP 


CBA 


BRN 


INS 


_____ ' 


CMP 




0010 


2 






BHI 


PULAI+1) 


________ ■ ' 


SBC 


2 
3 


0011 


3 




< ^" 


BLS 


PULB(+1) 


COM 


• i SUBD(+2) 


I • 


ADDD (+2) 


0100 


4 


LSRD (+1) 




BCC 


DES 


LSR 


AND 


4 


0101 


5 


ASLD (+1) 




BCS 


TXS 


______ - ' 


BIT 


5 


0110 


6 


TAP 


TAB 


BNE 


PSHA 


ROR 


LDA 


6 


0111 


7 


TPA 


TBA 


BEQ 


PSHB 


ASR 


^1 STA 


U^ 


STA 


7 


1000 


8 


INX (+1) 




BVC 


PULX (+2) 


ASL 


EOR 


8 


1001 


9 


DEX(+1) 


DAA 


BVS 


RTS (+2) 


ROL 


ADC 


9 


1010 


A 


CLV 




BPL 


ABX 


DEC 


ORA 


A 


1011 


B 


SEV 


ABA 


BMI 


RTI (+7) 


________ " 


ADD 


B 


1100 


C 


CLC 




BGE 


PSHX (+1) 


INC 


« : cpx (+2) 


• 


LDD (+1) 


C 


1101 


D 


SEC 




BLT 


MUL (+7) 


TST 


BSR 
(+4) 


JSR (+2) 


*(+1) 


STD (+1) 


D 


1110 


E 


CLI 




BGT 


WAI (+6) 


_^_ • 


* '"H JMP 


(-3) 


.* 


LDSI+1) 


• 


LDX(+1) 


E 


1111 


F 


SEI 




BLE 


SWI (+9) 


CLR 


•(+1) 


STSI+1) 


?(+i) 


STX (+1) 


F 


BYTE/CYCLE 


1/2 


1/2 


2/3 


1/3 


1/2 


1/2 | 2/6 


3/6 


2/2 


2/3 [ 2/4 


3/4 


2/2 


2/3 | 2/4 | 3/4 





[NOTES] 1 ) Undefined Op codes are marked with I — ■ — - — I . 

2) ( ) indicate that the number in parenthesis must be added to the cycle count for that instruction.. 

3) The instructions shown below are all 3 bytes and are marked with "*". 

Immediate addressing mode of SUBD, CPX, LDS, ADDD, LDD and LDX instructions, and undefined op codes 
<8F, CD, CF). 

4) The Op codes (4E, 5E) are 1 byte/— cycles instructions, and are marked with "••". 
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I 

z 



r RESET 


) 




1 






1 - ITMP 
1-1 






1 




Vector -► PC 


RESET|FFFE: FFFF 



JJM1 



IRQ.+IRQ, 



SWI 



WAI 



RTI 



ITMP -» 1 1 



ITMP - I 



Stack Machine State 
PC, X, A. B, CC 



Condition Code Register 

Ii|i|h|i|n1z|v|-c1 

rhiTMP 




I - ITMP 
1-1 



Vector -* PC 


FJMT 


FFFCFFFD 


SWI 


FFFAFFFB 


IRQ, 


FFF8FFF9 


ICF 


FFF6FFF7 


OCF 


FFF4FFF5 


TOF 


FFF2FFF3 


SCI 


FFF0FFF1 



© 



•SCI = TIE'TDRE + RIEMRDRF + ORFE) 



Non-Maskable Interrupt 

Software Interrupt 

Maskable Interrupt Request 1 

Input Capture Interrupt 

Output Compare Interrupt 

Timer Overflow Interrupt 

SCI Interrupt (TDRE + RDRF + ORFE) 



Figure 24 Interrupt Flowchart 
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a> 
oo 
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V cc Standby 



RES 

Port 1 
81/0 < 
Lines 



Port 4 

8 I/O Lines 



-3»- Enable 
NMi 



IRQ, 

Port 3 V CC Standby - 

8 Transfer 

Lines 



RES- 



¥ 



. Port 2 Port 2 

'5 I/O Lines S I/O Lines 



¥ 



^> Enable 

— irot; 



Port 1 
' 8 t/0 Lines 



Port 4 
' 8 I/O Lines 



Figure 25 HD6801 V MCU Single-Chip Dual Processor Configuration 



HD6801V 
MCU 



Enable 



Address 
Bus 



Data 
Bus 



Random 
Access 
Memory 



Peripheral 
Interface 
Adapter 



General 
Purpose 
Interface 
Adapter 



Figure 26 HD6801V MCU Expanded Non-Multiplexed Mode 



HD6801V 
MCU 



Address 
Strobe 



r-8 



/8 



Enable 



GPIA 



Address Bus Data Bus 

Figure 27 HD6801V MCU Expanded Multiplexed Mode 
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MPU (Micro Processing Unit) 



The HD6803 MPU is an 8-bit microcomputer system which 
is compatible with the HMCS6800 family of parts. The HD6803 
MPU is object code compatible with the HD6800 with improved 
execution times of key instructions plus several new 16-bit and 
8 bit instruction including an 8 x 8 unsigned multiply with 
16-bit result. The HD6803 MPU can be expanded to 65k words. 
The HD6803 MPU is TTL compatible and requires one +0.5 
volt power supply. The HD6803 MPU has 128 bytes of RAM, 
Serial Communications Interface (S.C.I.), and parallel I/O as 
well as a three function 16-bit timer. Features and Block 
Diagram of the HD6803 include the following: 

■ FEATURES 

• Expanded HMCS6800 Instruction Set 

• 8 x 8 Multiply 

• On-Chip Serial Communications Interface (S.C.I.) 

• Object Code Compatible with The HD6800 MPU 

• 16-Bit Timer 

• Expandable to 65k Words 

• Multiplexed Address and Data 

• 128 Bytes of RAM (64 Bytes Retainable On Power 
Down) 

• 13 Parallel I/O Lines 

• Internal Clock/Divided-By-Four 

• TTL Compatible Inputs and Outputs 

• Interrupt Capability 

• Compatible with MC6803 and MC6803-1 



■ BLOCK DIAGRAM 




(DP-40) 



PIN ARRANGEMENT 





(Top View) 



■ TYPE OF PRODUCTS 



Type No. 


Bus Timing 


HD6803 


1.0MHz 


HD6803-1 


1.25MHz 



A„ 

JE3 A 15 

Jl) V cc Standby 



Standby 



S> HITACHI 
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ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc* 


-0.3 ~ +7.0 


V 


Input Voltage 


V in * 


-0.3 ~ +7.0 


V 


Operating Temperature 


Topr 


~ + 70 


°C 


Storage Temperature 


^«n 


-55~+150 


°C 



With respect to V S s (SYSTEM GND) 
[NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating 
conditions. If these conditions are exceeded, it could affect reliability of LSI. 



■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (V C c -5.0V±5%, Vss 



: 0V, Ta = 0~+70°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input "High" Voltage 


RES 


V,H 




4.0 


- 


Vcc 


V 


Other Inputs* 


2.0 


- ■ 


Vcc 


Input "Low" Voltage 


All Inputs* 


V,L 




-0.3 


- 


0.8 


V 


Input Load Current 


EXTAL 


Hinl 


v in = o~v cc 


- 


- 


0.8 


mA 


Input Leakage Current 


Nffll, iRQi, RES 


Hint 


V in = ~ 5.25V 


- 


- 


2.5 


MA 


Three State (Offset) 


PlO ~ Pl7 


Hts.I 


V in = 0.5 ~ 2.4V 


- 


- 


10 


ma 


Leakage Current 


P20 ~ ^24 


- 


- 


100 




D /Ao ~ D 7 /A 7 


VOH 


'load = -205 /uA 


2.4 


- 


- 




Output "High" Voltage 


A 8 ~ A, s , E, R/W, AS 


'load = -145 pA 


2.4 


- 


- 


V 




Other Outputs 


•load " -100 »A 


2.4 


- 


- 




Output "Low" Voltage 


All Outputs 


Vol 


'load = 1-6 mA 


- 


- 


0.5 


V 


Darlington Drive Current 


PlO ~Pl7 


"'oh 


V out =1.5V 


1.0 


- 


10.0 


mA 


Power Dissipation 


Pd 




- 


- 


1200 


mW 


Input Capacitance 


Ao/Do ~A7/D7 


c in 


V in = 0V, Ta = 25°C, 
f = 1.0 MHz 


- 


- 


12.5 


pF 


Other Inputs 


- 


- 


10.0 


V cc Standby 


Powerdown 


v SB8 




4.0 


- 


5.25 


v 


Operating 


V S B 




4.75 


- 


5.25 




Standby Current 


Powerdown 


'sBB 


V SBB = 4.0V 


- 


- 


8.0 


mA 



'Except Mode Programming Levels. 
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• AC CHARACTERISTICS 

BUS TIMING (V CC " 6.0V ± 5%, Vss - 0V, Ta - ~ +70° C, unless otherwise noted.) 



HD6803.HD6803-1 







Symbol 


Test 
Condi- 
tion 


HD6803 


HD6803-1 


Unit 




min 


typ 


max 


min 


typ 


max 


Cycle Time 


*cyc 


Fig. 1 


1 


- 


10 


0.8 


- 


10 


*« 


Address Strobe Pulse Width "High" 


PW A sh 


200 


- 


- 


150 


- 


- 


ns 


Address Strobe Rise Time 


*ASr 


5 


- 


50 


5 


- 


50 


ns 


Address Strobe Fall Time 


l ASf 


5 


- 


50 


5 


- 


50 


ns 


Address Strobe Delay Time 


t ASD 


60 


- 


- 


30 


- 


- 


ns 


Enable Rise Time 


t E r 


5 


- 


50 


5 


- 


50 


ns 


Enable Fall Time 


t E f 


5 


- 


50 


5 


- 


50 


ns 


Enable Pulse Width "High" Time 


PW EH 


450 


- 


- 


340 


- 


- 


ns 


Enable Pulse Width "Low" Time 


PW EL 


450 


- 


- 


350 


- 


— 


ns 


Address Strobe to Enable Delay Time 


*ASED 


60 


- 


- 


30 


- 


- 


ns 


Address Delay Time 


l AD 


- 


- 


260 


- 


- 


260 


ns 


Address Delay Time for Latch 


l ADL 


- 


- 


270 


- 


- 


260 


ns 


Data Set-up Write Time 


l DSW 


225 


- 


- 


115 


- 


- 


ns 


Data Set-up Read Time 


toSR 


80 


- 


- 


70 


- 


- 


ns 


Data Hold Time 


Read 


*HR 


10 


- 


- 


10 


- 


- 




Write 


l HW 


20 


- 


- 


20 


- 


- 




Address Set-up Time for Latch 


tASL 


60 


- 


- 


50 


- 


- 


ns 


Address Hold Time for Latch 


l AHL 


20 


- 


- 


20 


- 


- 


ns 


Address Hold Time 


t A H 


20 


- 


- ■ 


20 


- 


- 


ns 


Peripheral Read Access Time (Multiplexed Bus) 


^ACCM ) 


- 


- 


(600) 


- 


- 


(420) 


ns 


Oscillator stabilization Time 


*RC 


Fig. 7 
Fig. 8 


100 


- 


- 


100 


- 


- 


ms 


Processor Control Set-up Time 


tpcs 


200 


- 


- 


200 


- 


- 


ns 



PERIPHERAL PORT TIMING (V cc - 5.0V ± 5%, Vss-OV, Ta - ~ +70°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Peripheral Data Setup Time 


Port 1,2 


tpDSU 


Fig. 2 


200 


- 


- 


ns 


Peripheral Data Hold Time 


Port 1,2 


tpDH 


Fig. 2 


200 


- 


- 


ns 


Delay Time, Enable Negative 
Transition to Peripheral Data 
Valid 


Port 1,2* 


tpwD 


Fig. 3 


- 


- 


400 


ns 



Except P 2 1 
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TIMER. SCI TIMING (Vcc - 5.0V ±5%, Vss - 0V. Ta - ~ +70°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


mm 


typ 


max 


Unit 


Timer Input Pulse Width 


tpw" 




2t cvc +200 


- 


- 


ns 


Delay Time, Enable Positive Transition to 
Timer Out 


t-roo 


Fig. 4 


" - 


- 


600 


ns 


SCI Input Clock Cycle 


tscyc 




1 


- 


- 


t c y c 


SCI Input Clock Pulse Width 


tpwSCK 




0.4 


- 


0.6 


tscyc 



MODE PROGRAMMING (V C c - 5.0V ±5%, Vss « 0V, Ta - ~ +70°C. unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Mode Programming Input "Low" Voltage 


Vmpl 


Fig. 8 


- 


- 


1.7 


V 


Mode Programming Input "High" Voltage 


Vmph 


4.0 


- 


- 


V 


RlS "Low" Pulse Width 


PW RS tl 


3.0 


- 


- 


*cyc 


Mode Programming Set-up Time 


tfclPS 


2.0 


- 


- 


tcyc 


Mode Programming 


R"ES Rise Time I> 1/us 


tMPH 





-■ 


- 




Hold Time 


RES Rise Time < 1/us 


100 


- 


- 
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Address Strobe 
(AS) 



Enable 
(E) 



R/W .A,~A„ 



MPU Write 
Dd/A„ - O7/A7 
(Port 3) 



MPU Read 

D„/A„-D7/A 7 
(Port 3) 




) l*t) ( 



' ' ADL • 



)t l 2 2V *r T t 2.0V 4 r 
( ™r > < D - v " d > 



"I'accm'" 



-trjsR- 



> 



Figure 1 Expanded Multiplexed Bus Timing 
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Enable (E) 



P — p 
p ~ p 



'PDSU 



-MPU Read 



24V.C ^ 

0.5V/ , ) 

. .1 « « 'PDH 



s 



2.4V 
0.5V 



X 



2.0V 
0.8V 



Figure 2 Data Set-up and Hold Times 
(MPU Read ) 





| MPU Write 




Enable (E) 


5V-k- / 






"• lpwD-» 




All Data* 
Port Outputs 


)Co6V Da,aV3 " d 


* Not applicable to P 21 

Figure 3 Port Data Delay Timing 
(MPU Write) 



ZZX 



Timer 
Counter 



Output Compare 
Matched 



X 



♦'too* 



Output 



>2 



Figure 4 Timer Output Timing 



Test Point ^ 



Mode Inputs 
(P,„.P,,. p ji>" 




i^OJJV 0.8V J E 



-tMPS— • 



Vmphji^ " ~~ * ^ V MPH 

f Data Valid ^ 

v MPL =^ y c v M pl 



Figure 5 Mode Programming Timing 



^ f 1S2074 @ 
"*" or Equiv 



C = 90pF «orD„/A„-D7/A,. A«-A r ,. E. AS. R/W 

= 30 pF for P,„ ~P, , . P I0 ~P ]4 
R = 12knforD„/A„-D;/A;. A,-A,„ E. AS. R/W 

= 24kfl 'orP, ~P,,,P,„~P 14 

TTL Load 



Figure 6 Bus Timing Test Load 
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L«t Instruction 



Internal 
Address Bus 



DCZX 



-H 



•'PCS 

"A 



#2 


« m 


#5 #s 


#7 


#8 


#9 


#10 


#11 


#12 

















aaXXXXXXXXXXX 



OpCode Op Coda SP(n) SPIn-1) SP(n-2) SP(n-3) SP(n-4) SP(n-S) SPIn-6) SP(n-7( Vector Vector New PC 
Addr Addr MSB Addr LSB Addr Address 



H 'PCS 



Internal — \i VVVVVVVVVVV V V V V 

Data Bus _.-, _ . 

Op Code Op Codi 

:ernal R/W \ 



OpCode Opcode PC0-PC7 PC8-PC15 X0~X7 X8~X15 ACCA ACCB CCR Irrelevant Vector Vector First Inst, of 

Data MSB LSB Interrupt Routine 



y 



IRQ, ; Internal interrupt 



Figure 7 Interrupt Sequence 



Vcc 



RES 



*\\w\m' ^\ m\\\m i n n,,n n n n n n,p n n r 

zps? «^ ><— 

/ * tnr 



1*- 



-7^ 



;r*W 



r * t 



« — 'PCS 



Internal 
Address Bus 



mmmmm| ^mmmmmnjp — x — x— x — y— y; page 

' ' FFFE "FFFE FFFE FFFE FFFF New PC * ' FFFE Fl 



immmm^ temmmmm^ p x — x — x — x — xrigftoac 

R\^\1 Not Valid 



Figure 8 Reset Timing 



■ SIGNAL DESCRIPTIONS 

• Vcc and Vss 

These two pins are used to supply power and ground to the 
chip. The voltage supplied will be +5 volts ±5%. 

• XTAL and EXTAL 

These connections are for a parallel resonant fundamental 
crystal, AT cut. Devided by 4 circuitry is included with the 
internal clock, so a 4 MHz crystal may be used to run the 
system at 1 MHz. The devide by 4 circuitry allows for use of the 
inexpensive 3.58 MHz Color TV crystal for non-time critical 
applications. Two 22pF capacitors are needed from the two 
crystal pins to ground to insure reliable operation. EXTAL may 
be driven by an external TTL compatible source with a 50% 
(±10%) duty cycle. It will devided by 4 any frequency less than 
or equal to 5 MHz. XTAL must be grounded if an external 
clock is used. The following are the recommended crystal 
parameters: 



Nominal Crystal Parameter 



~~"-\C/ystal 
Item ^--\ 


4 MHz 


5 MHz 


Co 


7pF max. 


4.7pF max. 


Rs 


60fl max. 


30« typ. 



XTAL 



EXTAL 



CD 

X 



Figure 9 Crystal Interface 



C L1 " C L2 ■ 22pF i 20% 
(3.2 -5 MHz) 

ilMOTE] AT cut parallel 

resonance parameters 
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• Vcc Standby 

This pin will supply +5 volts ±5% to the standby RAM on the 
chip. The first 64 bytes of RAM will be maintained in the power 
down mode with 8 mA current max. The circuit of figure 1 3 
can be utilized to assure that V cc Standby does not go below 
V SBB during power down. 

To retain information in the RAM during power down the 
following procedure is necessary: 

1) Write "0" into the RAM enable bit, RAM E. RAM E is bit 
6 of the RAM Control Register at location $0014. This 
disables the standby RAM, thereby protecting it at power 
down. 

2) Keep Vcc Standby greater than Vsbb- 



V cc Standby o • H O Power Line 



I 

Figure 10 Battery Backup for V cc Standby 

• Reset (RES) 

This input is used to reset and start the MPU from a power 
down condition, resulting from a power failure or an initial 
startup of the processor. On power up, the reset must b e held 
"Low" for at least 100 ms. During operation, RES, when 
brought "Low", must be held "Low" at least 3 clock cycles. 

When a "High" level is detected, the CPU does the follow- 
ing; 

1) All the higher order address lines will be forced "High". 

2) I/O Port 2 bits, 2, 1 , and are latched into programmed 
control bitsPC2, PCI and PC0. 

3) The last two ($FFFE, $FFFF) locations in memory will 
be used to load the program addressed by the program 
counter. 

4) The interrupt mask bit is set, must be cleared before the 
CPU can recognize maskable interrupts. 

• Enable (E) 

This supplies the external clock for the rest of the system 
when the internal oscillator is used. It is a single phase, TTL 
compatible clock, and will be the divide by 4 result of the 
crystal frequency. It will drive one TTL load and 90 pF. 

• Non-Maskable Interrupt (NMI) 

A low-going edge on this input requests that a non-maskable- 
interrupt sequence be generated within the processor. As with 
interrupt Request signal, the processor will complete the c urrent 
instruction that is being executed before it recognizes the NMI 
signal. The inte rrupt mask bit in the Condition Code Register 
has no effect on NML 

In response to an NMI interrupt, the Index Register, Program 
Counter, Accumulators, and Condition Code Register are stored 
on the stack. At the end of the sequence, a 16-bit address will 
be loaded that points to a vectoring address located in memory 
locations SFFFC and SFFFD. An address loaded at these loca- 
tions causes the CPU to branch to a non-maskable interrupt 
service routine in memory. 

A 3.3 kn external resistor to V cc should be used for 
wire-OR a nd op timu m con trol of interrupts. 

Inputs IRQi and NMI are hardware interrupt lines that are 
sampled during E and will start the interrupt routine on the 
E following the completion of an instruction. 



• Interrupt Request (IRQ 1 ) 

This level sensitive input requests that an interrupt sequence 
be generated within the machine. The processor will wait until it 
completes the current instruction that it being executed before 
it recognizes the request. At that time, if the interrupt mask bit 
in the Condition Code Register is not set, the-machine will begin 
an interrupt sequence. The Index Register, Program Counter, 
Accumulators, and Condition Code Register are stored on the 
stack. Next the CPU will respond to the interrupt request by 
setting the interrupt mask bit "High" so that no further mask- 
able interrupts may occur. At the end of the cycle, a 16-bit 
address will be loaded that points to a vectoring address which is 
located in memory locations $FFF8 and $FFF9. An address 
loaded at these locations causes the CPU to branch to an inter- 
rupt ro utine in memory. 

The IRQ, requires a 3.3 kS2 external resister to Vcc which 
should be used for wire-OR and optimum control of int errup ts. 
Internal Interrupts will use an interna l inte rrupt line (IRQi)- 
This interrupt will operate the same as IRQ, except that i t will 
use the vector ad dress of $FFF0 through SFFF7. IRQ, will 
have priority over IRQ 2 if both occur at the same time. The 
Interrupt Mask Bit in the condition code register masks both 
interrupts (See Table 1). 

Table 1 Interrupt Vector Location 



Highest 
Priority 



Vector 


Interrupt 


MSB 


LSB 


FFFE 


FFFF 


RES 


FFFC 


FFFD 


NMl 


FFFA 


FFFB 


Software Interrupt (SWI) 


FFF8 


FFF9 


FRO", 


FFF6 


FFF7 


ICF (Input Capture) 


FFF4 


FFF5 


OCF (Output Compare) 


FFF2 


FFF3 


TOF (Timer Overflow) 


FFF0 


FFF1 


SCI (RDRF + ORFE + TDRE) 



Lowest 
Priority 



• Read/Write (R/W) 

This TTL compatible output signals the peripherals and 
memory devices whether the CPU is in a Read ("High") or a 
Write ("Low") state. The normal standby state of this signal is 
Read ("High"). This output is capable of driving one TTL load 
and 90 pF. 

• Address Strobe (AS) 

In the expanded multiplexed mode of operation address 
strobe is output on this pin. This signal is used to latch the 8 
LSB's of address which are multiplexed with data on Port 3. An 
8-bit latch is utilized in conjunction with Address Strobe, as 
shown in figure 11. Expanded Multiplexed Mode. Address 
Strobe signals the latch when it is time to latch the address lines 
so the lines can become data bus lines during the E pulse. The 
timing for this singal is shown in Figure 1 of Bus Timing. This 
signal is also used to disable the address from the multiplexed 
bus allowing a deselect time, t ASD before the data is enabled to 
the bus. 

■ PORTS 

There are two I/O ports on the HD6803 MPU; one 8-bit 
port and one 5 -bit port. Each port has an associated write 
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only Data Direction Register which allows each I/O line to be 
programmed to act as an input or an output*. A "1" in the 
corresponding Data Direction Register bit will cause that I/O 
line to be an output. A "0" in the corresponding Data Direction 
Register bit will cause that I/O line to be an input. There are 
two ports: Port 1 , Port 2. Their addresses and the addresses of 
their Data Direction registers are given in Table 2. 

* The only exception is bit 1 of Port 2, which can either be data 
input or Tinier output. 

Table 2 Port and Data Direction Register Addresses 



Ports 


Port Address 


Data Direction 
Register Address 


I/O Port 1 
I/O Port 2 


$0002 
$0003 


$0000 
$0001 



• 1/0 Port 1 

This is an 8-bit port whose individual bits may be defined as 
inputs or outputs by the corresponding bit in its data direction 
register. The 8 output buffers have three-state capability, 
allowing them to enter a high impedance state when the 
peripheral data lines are used as inputs. In order to be read 
properly, the voltage on the input lines must be greater than 2.0 
V for a logic"!" and less than 0.8 V for a logic "0". As outputs, 
these lines are TTL compatible and may also be used as a source 
of up to 1 mA at 1 .5 V to directly drive a Darlington base. After 
Reset, the I/O lines are configured as inputs. 

• 1/0 Port 2 

This port has five lines that may be defined as inputs or 
outputs by its data direction register. The 5 output buffers have 
three-state capability, allowing them to enter a high impedance 
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state when used as an input. In order to be read properly, the 
voltage on the input lines must be greater than 2.0 V for a 
logic "1" and less than 0.8 V for a logic "0". As outputs, this 
port has no internal pullup resistors but will drive TTL inputs 
directly. For driving CMOS inputs, external pullup resistors are 
required. After Reset, the I/O lines are configured as inputs. 
Three pins on Port 2 (pin 8, 9 and 10 of the chip) are requested 
to set following values (Table 3) during reset. The values of 
above three pins during reset are latched into the three MSBs 
(Bit 5 , 6 and 7) of Port 2 which are read only. 

Port 2 can be configured as I/O and provides access to the 
Serial Communications Interface and the Timer. Bit 1 is the 
only pin restricted to data input or Timer output. 



Table 3 The Values of three pins 


Pin Number 


Value 


8 


L 


9 


H 


10 


L 



(NOTES) L; Logical "0" 
H; Logical "1" 



BUS 



• Data/ Address Lines (Do/Ao ~ D7/A7) 

Since the data bus is multiplexed with the lower order 
address bus in Data/ Address, latches are required to latch those 
address bits. The 74LS373 Transparent Octal D-type latch can 
be used with the HD6803 to latch the least significant address 
byte. Figure 1 1 shows how to connect the latch to the HD6803. 
The output control to the 74LS373 may be connected to 
ground. 

• Address Lines (As ~ A is ) 

Each line is TTL compatible and can drive one TTL load and 
90 pF. After reset, these pins become output for upper order 
address lines (As to A15 ) 

■ INTERRUPT FLOWCHART 

The Interrupt flowchart is depicted in Figure 16 and is com- 
mon to every interrupt excluding reset. 



Address: A ~A, 



Function Table 



Data: D ~D 7 



Output 


Enable 


Output 


Control 


G D 


Q 


L 


H H 


H 


L 


H L 


L 


L 


L X 


Q» 


H 


X X 


2 



Figure 11 Latch Connection 
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■ MEMORY MAP 

The MPU can provide up to 65k byte address space. A 
memory map is shown in Figure 12. The first 32 locations are 
reserved for the MPU's internal register area, as shown in Table 
4 with exceptions as indicated. 

Table 4 Internal Register Area 



Register 


Address 


Port 1 Data Direction Register** 


00 


Port 2 Data Direction Register** 


01 


Port 1 Data Register 


02 


Port 2 Data Register 


03 


Not Used 


04* 


Not Used 


05* 


Not Used 


06* 


Not Used 


07* 


Timer Control and Status Register 


08 


Counter (High Byte) 


09 


Counter (Low Byte) 


OA 


Output Compare Register (High Byte) 


OB 


Output Compare Register (Low Byte) 


OC 


Input Capture Register (High Byte) 


OD 


Input Capture Register (Low Byte) 


OE 


Not Used 


OF* 


Rate and Mode Control Register 


10 


Transmit/Receive Control and Status Register 


11 


Receive Data Register 


12 


Transmit Data Register 


13 


RAM Control Register 


14 


Reserved 


15-1F 



External Address 

1 ; Output, 0; Input 

Multiplexed/RAM 




$00FF 



$FFF0 
$FFFF 



Internal Registers 
External Memory Space 

Internal RAM 



External Memory Space 



External Interrupt Vectors 



(NOTE] 

Excludes the following addresses which may 
be used externally: $04, $05, $06, $07, and 
$0F. 

Figure 12 HD6803 Memory Map 



■ PROGRAMMABLE TIMER 

The HD6803 contains an on-chip 16-bit programmable timer 
which may be used to perform measurements on an input 
waveform while independently generating an output waveform. 
Pulse widths for both input and output signals may vary from a 
few microseconds to many seconds. The timer hardware consists 
of 

• an 8-bit control and status register, 

• a 16-bit free running counter, 

• a 16-bit output compare register, and 

• a 16-bit input capture register 

A block diagram of the timer registers is shown in Figure 13. 

• Free Running Counter ($0009: 000 A) 

The key element in the programmable timer is a 16-bit free 
running counter which is driven to increasing values by E (En- 
able). The counter value may be read by the CPU software at 
any time. The counter is cleared to zero on RES and may be 
considered a read-only register with one exception. Any CPU 
write to the counter's address ($09) will always result in preset 
value of $FFF8 being loaded into the counter regardless of the 
value involved in the write. This preset figure is intended for 
testing operation of the part, but may be of value in some 
applications. 

• Output Compare Register ($000B:000C) 

The Output Compare Register is a 16-bit read/write register 
which is used to control an output waveform. The contents of 
this register are constantly compared with the current value of 
the free running counter. When a match is found, a flag is set 
(OCF) in the Timer Control and Status Register (TCSR) and the 
current value of the Output Level bit (OLVL) in the TCSR is 
clocked to the Output Level Register. Providing the Data 
Direction Register for Port 2, Bit 1 contains a "1" (Output), 
the output level register value will appear on the pin for Port 2 
Bit 1. The values in the Output Compare Register and Output 
Level bit may then be changed to control the output level on 
the next compare value. The Output Compare Register is set to 
SFFFF during RES. The Compare function is inhibited for 
one cycle following a write to the high byte of the Output 
Compare Register to insure a valid 16-bit value is in the register 
before a compare is made. 

• Input Capture Register ($000D:000E) 

The Input Capture Register is a 16-bit read-only register used 
to store the current value of the free running counter when the 
proper transition of an external input signal occurs. The input 
transition change required to trigger the counter transfer is 
controlled by the input Edge bk (IEDG) in the TCSR. The Data 
Direction Register bit for Port 2 Bit 0, should * be clear (zero) 
in order to gate in the external input signal to the edge detect 
unit in the timer. 

* With Port 2 Bit configured as an output and set to "1", the 
external input will still be seen by the edge detect unit. 
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Figure 13 Block Diagram of Programmable Timer 



Timer Control and Status Register 
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ICF OCF TOF EICI EOCI ETOI IEDG OLVL $0008 



• Timer Control and Status Register (TCSR) ($0008) 

The Tinier Control and Status Register consists of an 8-bit 
register of which all 8 bits are readable but only the low order 5 
bits may be written. The upper three bits contain read-only 
timer status information and indicate that: 

• a proper transition has taken place on the input pin with a 
subsequent transfer of the current counter value to the 
input capture register, 
•a* match has been found between the value in the free 
running counter and the output compare register, and 
when $0000 is in the free running counter. 
Ea ch of the flags may be enabled onto the HD6803 internal 
bus (IRQ 2 ) with an individual Enable bit in the TCSR. If the 
I-bit in the HD6803 Condition Code register has been cleared, a 
priority vectored interrupt will occur corresponding to the flag 
bit(s) set. A description for each bit follows: 
Bit OLVL Output Level - This value is clocked to the output 
level register on a successful output compare. If 
the DDR for Port 2 bit 1 is set. the value will 
appear on the output pin. 
Bit 1 IEDG Input Edge - This bit controls which transition of 
an input will trigger a transfer of the counter to 
the input capture register. The DDR for Port 2 Bit 
must be clear for this function to operate. IEDG 
= Transfer takes place on a negative edge 
("High"-to-*"Low" transition). 
IEDG = 1 Transfer takes place on a positive edge 



("Low"-to-"High" transition). 

Bit 2 ETOI Enable Ti mer Ov erflow Interrupt - When set, this 
bit enables IRQ 2 to occur on the internal bus for a 
TOF interrupt; when clear the interrupt is in- 
hibited. 

Bit 3 EOCI Enable Output Com pare Interrupt - When set, 
this bit enables IRQ 2 to appear on the internal 1>us 
for an output compare interrupt; when clear the 
interrupt is inhibited. 

Bit 4 EICI Enable inp ut Cap ture Interrupt - When set, this 
bit enables IRQ 2 to occur on the internal bus for 
an input capture interrupt; when clear the inter- 
rupt is inhibited. 

Bit 5 TOF Timer Overflow Flag — This read-only bit is set 
when the counter contains $FFFF. It is cleared by 
a read of the TCSR (with TOE set) followed by an 
CPU read of the Counter ($09). 

Bit 6 OCF Output Compare Flag - This read-only bit is set 
when a match is found between the output 
compare register and the free running counter. It is 
cleared by a read of the TCSR (with OCF set) 
followed by an CPU write to the output compare 
register (SOB or S0C). 

Bit 7 ICF Input Capture Flag - This read-only status bit is 
set by a proper transition on the input; it is cleared 
by a read of the TCSR (with ICF set) followed by 
an CPU read of the Input Capture Register (SOD). 
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■ SERIAL COMMUNICATIONS INTERFACE 

The HD6803 contains a full-duplex asynchronous serial 
communications interface (SCI) on chip. The controller 
comprises a transmitter and a receiver which operate independ- 
ently or each other but in the same data format and at the same 
data rate. Both transmitter and receiver communicate with the 
CPU via the data bus and with the outside world via pins 2, 3, 
and 4 of Port 2. The hardware, software, and registers are ex- 
plained in the following paragraphs. 

• Wake-Up Feature 

In a typical multi-processor application, the software 
protocol will usually contain a destination address in the initial 
byte(s) of the message. In order to permit non-selected MPU's 
to ignore the remainder of the message, a wake-up feature is 
included whereby all further interrupt processing may be 
optionally inhibited until the beginning of the next message. 
When the next message appears, the hardware re-enables (or 
"wakes-up") for the next message. The "wake -up" is auto- 
matically triggered by a string of ten consecutive l's which 
indicates an idle transmit line. The software protocol must 
provide for the short idle period between any two consecutive 
messages. 

• Programmable Options 

The following features of the HD6803 serial I/O section are 
programmable: 

• format - standard mark/space (NRZ) 

• Clock - external or internal 

• baud rate - one of 4 per given CPU 02 clock frequency or 
external clock xg input 

• wake-up feature - enabled or disabled 

• Interrupt requests - enabled or masked individually for 
transmitter and receiver data registers 

• clock output - internal clock enabled or disabled to Port 
2 (Bit 2) 

• Port 2 (bits 3 and 4) - dedicated or not dedicated to serial 
I/O individually for transmitter and receiver. 

• Serial Communications Hardware 

The serial communications hardware is controlled by 4 
registers as shown in Figure 14. The registers include: 

• an 8-bit control and status register 

• a 4-bit rate and mode control register (write only) 

• an 8-bit read only receive data register and 

• an 8-bit write only transmit data register. 

In addition to the four registers, the serial I/O section utilizes 
bit 3 (serial input) and bit 4 (serial output) of Port 2. Bit 2 of 
Port 2 is utilized if the internal-clock-out or external-clock-in 
options are selected. 

Transmit/Receive Control and Status (TRCS) Register 

The TRCS register consists of an 8-bit register of which all 8 
bits may be read while only bit s 0~ 4 may be written. The 
register is initialized to S20 on RES. The bits in the TRCS 
register are defined as follows: 



Bit 7 Rate and Mode Control Register Bit 





11 






CC1 


CCO 


SSI 


SSO 


S10 






Transmit/Receive Control and Status Register 








RDRF 


ORFE 


TORE 


RIE 


RE 


TIE 


TE 


wu 


$11 






Receive Data Register 


$12 


















Port 2 




t 

BH {Not Addressable 


Rx 
Bit 
3 






Receive Shift Register 






10 








i, 
















Clock 
Bit 
2 






Bit Rate 
' Generator 






* 


12 




^ 












(Not Addressable 






Transmit Shift Register 










Tx 
Bit 
4 






^ 










■ 
























$13 






F 


Transmit Data Register 
igure 14 Serial I/O Registers 







Bit WU 



Bit 1 TE 



Bit 2 TIE 



Bit 3 RE 



Bit 4 RIE 



"Wake-up" on Next Message - set by HD6803 

software and cleared by hardware on receipt of 

ten consecutive l's or reset of RE flag. It should 

be noted that RE (lag should be set in advance of 

CPU set of WU flag. 

Transmit Enable - set by HD6803 to produce 

preamble of nine consecutive l's and to enable 

gating of transmitter output to Port 2, bit 4 

regardless of the DDR value corresponding to this 

bit; when clear, serial I/O has no effect on Port 2 

bit 4. 

TE set should be after at least one bit time of data 

transmit rate from the set-up of transmit data 

rate and mode. 

Tr ansmi t Interrupt Enable - when set, will permit 

an IRQ 2 interrupt to occur when bit 5 (TDRE) is 

set; when clear, the TDRE value is masked from 

the bus. 

Receiver Enable - when set, gates Port 2 bit 3 to 

input of receiver regardless of DDR value for this 

bit; when clear, serial I/O has no effect on Port 2 

bit 3. 

Re ceiver Interrupt Enable - when set, will permit 

an IRQ 2 interrupt to occur when bit 7 (RDRF) or 

bit 6 (ORFE) is set; when clear, the interrupt is 

masked. 



Transmit/Receive Control and Status Register 



7 


6 


5 


4 


3 


2 


1 





RDRF 


ORFE 


TDRE 


RIE 


RE 


TIE 


TE 


WU 



ADDR : $001 1 
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Bit 5 TORE Transmit Data Register Empty - set by hardware 
when a transfer is made from the transmit data 
register to the output shift register. The TDRE bit 
is cleared by reading the status register, then 



writing a new byte into th e tra nsmit data register, 
TDRE is initialized to 1 by RES. 
Bit 6 ORFE Over- Run-Framing Error - set by hardware when 
an overrun or framing error occurs (receive only). 



Rate and Mode Control Register 



7 


6 


5 


4 


3 


2 


1 





X 


X 


X 


X 


CC1 


CCO 


SSI 


SSO 



ADDR : $0010 



An overrun is defined as a new byte received with 
last byte still in Dat Register/Buffer. A framing 
error has occured when the byte boundaries in bit 
stream are not synchronized to bit counter. If 
WU-flag is set, the ORFE bit will not be set. The 
ORFE bit is cleard by reading the status register, 
then reading the Receive Data Register, or by 
RES. 
Bit 7 RDRF Receiver Data Register Full-set by hardware when 
a transfer from the input shift register to the 
receiver data register is made. If WU-flag is set, the 
RDRF bit will not be set. The RDRF bit is cleared 
by reading the status regis ter, t hen reading the 
Receive Data Register, or by RES. 

Rate and Mode Control Register (RMCR) 

The Rate and Mode Control register controls the following 
serial I/O variables: 
• Baud rate 



• format 

• clocking source, and 

• Port 2 bit 2 configuration 

The regi ster consists of 4 bits all of which are write-only and 
cleared on RES. The 4 bits in the register may be considered as 
a pair of 2-bit fields. The two low order bits control the bit rate 
for internal clocking and the remaining two, bits control the 
format and clock select logic. The register definition is as 
follows: 

Speed Select - These bits select the Baud rate for 
the internal clock. The four rates which may be 
selected are a function of the CPU (fn clock 
frequency. Table 5 lists the available Baud rates. 
Clock Control and Format Select - this 2-bit field 
controls the format and clock select logic. Table 6 
defines the bit field. 



BitO 
Bit 1 



Bit 2 
Bit 3 



SSO 
SS1 



CCO 
CC1 



Table 5 SCI Bit Times and Rates 





XTAL 


2.4576 MHz 


4.0 MHz 


4.9152 MHz* 


SS1 : SSO 


E 


614.4 kHz 


1.0 MHz 


1.2288 MHz 




1 

1 
1 1 


E+16 
E^128 
E -r 1024 
E 4- 4096 


26 /js/38,400 Baud 
208 jus/4 ,800 Baud 
1 .67 ms/600 Baud 
6.67 ms/1 50 Baud 


16ps/62,500Baud 
128/is/7812.5Baud 
1.024 ms/976 .6 Baud 
4.096 ms/244.1 Baud 


13.0 jus/76,800 Baud 

104.2 fis/9,600 Baud 

833.3 /is/1, 200 Baud 
3.33 ms/300 Baud 



HD6803-1 Only 



Table 6 SCI Format and Clock Source Control 



CC1 : CCO 


Format 


Clock Source 


Port 2 Bit 2 


Port 2 Bit 3 


Port 2 Bit 4 





- 


- 


- 


*« 


.•• 


1 


NRZ 


Internal 


Not Used 


#• 


* • . 


1 


NRZ 


Internal 


Output* 


.. 


• • 


1 1 


NRZ 


External 


Input 


• # 


»* 



Clock output is available regardless of values for bits RE and TE. 

Bit 3 is used for serial input if RE = "1" in TRCS.bit 4 is used for serial output if TE = "1" in TRCS. 



Internally Generated Clock 

If the user wishes for the serial I/O to furnish a clock, the 
following requirements are applicable: 

• the values of RE and TE are immaterial. 
•CC I. CCO must beset to 10 

• the maximum clock rate will be E 4 16. 

• the clock will be at lx the bit rate and will have a rising 
edge at mid-bit. 



Externally Generated Clock 

If the user wishes to provide an external clock for the serial 
I/O, the following requirements are applicable: 

• the CC1 , CCO, field in the Rate and Mode Control Register 
must be set to 1 1 , 

• the external clock must be set to 8 times (x8) the desired 
baud rate and 

• the maximum external clock frequency is 1 .0 MHz. 
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• Serial Operations 

The serial I/O hardware should be initialized by the HD6803 
software prior to operation. This sequence will normally consist 
of; 

• writing the desired operation control bits to the Rate and 
Mode Control Register and 

• writing the desired operational control bits in the Transmit/ 
Receive Control and Status Register. 

The Transmitter Enable (TE) and Receiver Enable (RE) bits 
may be left set for dedicated operations. 

Transmit Operations 

The transmit operation is enabled by the TE bit in the 
Transmit/Receive Control and Status Register. This bit when 
set, gates the output of the serial transmit shift register to Port 2 
Bit 4 and takes unconditional control over the Data Direction 
Register value fo r Por t 2, Bit 4. 

Following a RES the user should configure both the Rate 
and Mode Control Register and the Transmit/Receive Control 
and Status Register for desired operation. Setting the TE bit 
during this procedure initiates the serial output by first 
transmitting a nine-bit preamble of l's. Following the preamble, 
internal synchronization is established and the transmitter 
section is ready for operation. 

At this point one of two situation exist: 

1) if the Transmit Data Register is empty (TDRE = 1), a 
continuous string of ones will be sent indicating an idle 
line, or, 

2) if data has been loaded into the Transmit Data Register 
(TDRE = 0), the word is transferred to the output shift 
register and transmission of the data word will begin. 

During the transfer itself, the start bit is first transmitted. 
Then the 8 data bits (beginning with bit 0) followed by the stop 
bit, are transmitted. When the Transmitter Data Register has 
been emptied, the hardware sets the TDRE flag bit. 

If the HD6803 fails to respond to the flag within the proper 
time, (TDRE is still set when the next normal transfer from the 
parallel data register to the serial output register should occur) 
then a 1 will be sent (instead, of a 0) at "Start" bit time, 
followed by more l's until more data is supplied to the data 
register. No 0's will be sent while TDRE remains a 1 . 
Receive Operation 

The receive operation is enabled by the RE bit which gates in 
the serial input through Port 2, Bit 3. The receiver section 
operation is conditioned by the contents of the Transmit/ 
Receive Control and Status Register and the Rate and Mode 
Control Register. 

The receiver bit interval is divided into 8 sub-intervals for 
internal synchronization. In the NRZ Mode, the received bit 
stream is synchronized by the first (space) encountered. 

The approximate center of each bit time is strobed during 
the next 10 bits. If the tenth bit is not a 1 (stop bit) a framing 
error is assumed, and bit ORFE is set. If the tenth bit as a 1 , the 
data is transferred to the Receive Data Register, and interrupt 
flag RDRF is set. If RDRF is still set at the next tenth bit time. 
ORFE will be set, indicating an overrun has occurred. When the 
HD6803 responds to either flag (RDRF or ORFE) by reading 
the status register followed by reading the Data Register, RDRF 
(or ORFE) will be cleared. 

■ RAM CONTROL REGISTER 

This register, which is addressed at S0014. gives status 
information about the standby RAM. A in the RAM enable 
bit (RAM E) will disable the standby RAM. thereby protecting 



it at power down if Wqc Standby is held greater than Vsbb 
volts, as explained previously in the signal description for V(x 
Standby. 



RAM Control Register 



STBY 
PWR 


RAME 


X 


X 


X 


X 


X 


X 



$0014 



Bit Not used. 

Bit 1 Not used. 

Bit 2 Not used. 

Bit 3 Not used. 

Bit 4 Not used. 

Bit 5 Not used. 

Bit 6 RAME The RAM Enable control bit allows the user the 
ability to disable t he s tandby RAM. This bit is set 
to a logic "1" by RES which enables the standby 
RAM and can be written to one or zero under pro- 
gram control. When the RAM is disabled, data is 
read from external memory. 

Bit 7 STBY The Standby Power bit is cleared when the stand- 
PWR by voltage is removed. This bit is a read/write sta- 
tus flag that the user can read which indicates that 
the standby RAM voltage has been applied, and 
the data in the standby RAM is valid. 

■ GENERAL DESCRIPTION OF INSTRUCTION SET 

The HD6803 is upward object code compatible with the 
HD6800 as it implements the full HMCS6800 instruction set. 
The execution times of key instructions have been reduced to 
increase throughout. In addition, new instructions have been 
added; these include 16-bit operations and a hardware multiply. 

Included in the instruction set section are the following: 

• CPU Programming Model (Figure 1 5) 

• Addressing modes 

• Accumulator and memory instructions — Table 7 

• New instructions 

• Index register and stack manipulations instructions - Table 
8 

• Jump and branch instructions — Table 1 ) 

• Condition code register manipulation instructions - Table 10 

• Instructions Execution times in machine cycles - Tabic 
I I 

• Summary of cycle by cycle operation - Table 1 2 

• Summary of undefined instructions -Table 13 

• CPU Programming Model 

The programming model for the HD6803 is shown in Figure 
15. The double (D) accumulator is physically the same as the 
Accumulator A concatenated with the Accumulator B so that 
any operation using accumulator D will destroy information in 
A and B. 
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rn< 



7 
15 


A 





B 


5 






k 




X 




H 




l!! 




SP 




• 




tl_ 




PC 








B*Btt Accumulators A and B 

Or 16-Bit Double Accumulator D 



Index Register (X) 



Stack Pointer (SP) 



Program Counter (PC) 



I N I Z I V I C I Condition Code Register (CCR) 



Carry/Borrow from MSB 

Overflow 

Zero 

Negative 

Interrupt 

Hal* Carry (Fri 



l Bit 3) 



Figure 15 CPU Programming Model 



• CPU Addressing Modes 

The HD6803 8-bit microcomputer unit has seven address 
modes that can be used by a programmer, with the addressing 
mode a function of both the type of instruction and the coding 
within the instruction. A summary of the addressing modes for 
a particular instruction can be found in Table 1 1 along with the 
associated instruction execution time that is given in machine 
cycles. With a clock frequency of 4 MHz, these times would be 
microseconds. 
Accumulator (ACCX) Addressing 

In accumulator only addressing, either accumulator A or 
accumulator B is specified. These are one-byte instructions. 
Immediate Addressing 

In immediate addressing, the operand is contained in the 
second byte of the instruction except LDS and LDX which have 
the operand in the second and third bytes of the instruction. 
The CPU addresses this location when it fetches the immediate 
instruction for execution. These are two or three-byte instruc- 
tions. 
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Table 7 Accumulator & Memory Instructions 





Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic Operation 


Condition Code 
Register 


Operations 


IMMED 


DIRECT 


INDEX 


EXTEND 


IMPLIED 


5 


4 


3 


2 |l 







OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


« 


OP 


~ 


# 


H 


1 


N 


Z 


V 


c 


Add 


ADDA 


8B 


2 


2 


9B 


3 


2 


AB 


4 


2 


BB 


4 


3 








A + M-A 


: 










J 




ADDB 


CB 


2 


2 


DB 


3 


2 


EB 


4 


2 


FB 


4 


3 








B +M-B 


: 










t 


Add Double 


ADDD 


C3 


4 


3 


D3 


5 


2 


E3 


6 


2 


F3 


6 


3 








A:B + M:M + 1-A:B 


• 


* 




, j 


t 


Add Accumulators 


ABA 


























IB 


2 


1 


A + B- A 


']• 




: i : 


I 


Add With Carry 


ADCA 


89 


2 


2 


99 


3 


2 


A9 


4 


2 


B9 


4 


3 








A + M + C- A 


. '. 




t 1 1 


J 




ADCB 


C9 


2 


2 


D9 


3 


2 


E9 


4 


2 


F9 


4 


3 








B + M + C- B 


i j. 




t i 1 


I 


AND 


ANDA 


84 


2 


2 


94 


3 


2 


A4 


4 


2 


B4 


4 


3 








A-M- A 






: 'r . 




ANDB 


C4 


2 


2 |D4 


3 


2 


E4 


4 


2 F4 


4 


3 








B-M- B 


• 1* 




: Ir 1 . 


Bit Test 


BIT A 


85 


2 


2, 95 


3 


2 


A5 


4 


2 B5 


4 


3 








A-M 








t r'. 




BIT B 


C5 


2 2 


D5 


3 


2 


E5 


4 


_2_l F5 


4 


3 








B-M 








i r ;• 


Clear 


CLR 














6F 


6 


2 


7F 


6 


3 








00 - M 






R 


s 


r!r 




CLRA 


























4F 


2 


1 


00- A 






R 


S ,R 


R 




CLRB 


























5F 


2 


1 


00 -B 


• 




R 


^R 


R 


Compare 


CMP A 


81 


2 


2 


91 


3 


2 


A1 


4 


2 


B1 


4 


3 








A-M 


• '• 






j 


J 




CMPB 


C1 


2 


2 


D1 


3 


2 


E1, 


4 


2 


F1 


4 


3 








B-M 










t 


t 


Compare 
Accumulators 


CBA 


























11 


2 


1 


A-B 










: 


J 


Complement, 1's 


COM 














63 


6 


2 


73 


6 


3 








M - M 










R 


S 




COMA 
























43 


2 


1 


A -A 










R 


s 




COMB 


























53 


2 


1 


B -B 










R 


s 


Complement, 2's 


NEG 














60 


6 


2 


70 


6 


3 








00-M-M 










1 


2 


(Negate) 


NEGA 


























40 


2 


1 


00 - A - A 










1 


2 




NEGB 


























50 


2 


1 


00 - B - B 










1 


2 


Decimal Adjust. A 


DAA 


























19 


2 


1 


Converts binary add of BCD 
characters into BCD format 










t 


3 


Decrement 


DEC 














6A 


6 


2 


7A 


6 


3 








M- 1 -M 










4 


• 




DECA 


























4A 


2 


1 


A - 1 - A 










4 


• 




DECB 


























5A 


2 


1 


B - 1 - B 










4 


• 


Exclusive OR 


EORA 


88 


2 


2 


98 


3 


2 


A8 


4 


2 


B8 


4 


3 








A© M- A 










R 


• 




EORB 


C8 


2 


2 


D8 


3 


2 


E8 


4 


2 


F8 


4 


3 








B © M- B 










R 


• 


Increment 


INC 














6C 


6 


yi 


7C 


6 


3 








M + 1 -M 










5 


• 




INCA 


























4C 


2 


1 


A + 1 - A 










5 


• 




INCB 


























5C 


2 


1 


B + 1 - B 










5 


• 


Load 


LDAA 


86 


2 


2 


96 


3 


2 


A6 


4 


2 


B6 


4 


3 








M - A 










R 


• 


Accumulator 


LDAB 


C6 


2 


2 


D6 


3 


2 


E6 


4 


2 


F6 


4 


3 








M - B 










Rj 


• 


Load Double 
Accumulator 


LDD 


CC 


3 


3 


DC 


4 


2 


EC 


5 


2 


FC 


5 


3 








M + 1 - B. M - A 










R 


• 


Multiply Unsigned 


MUL 


























3D 


10 


1 


A x B - A : B 












OR, Inclusive 


ORAA 


8A 


2 


2 


9A 


3 


2 


AA 


4 


2 


BA 


4 


3 








A + M- A 










R . 




ORAB 


CA 


2 


2 


DA 


3 


2 


EA 


4 


2 


FA 


4 


3 








B + M- B 










R 


• 


Push Data 


PSHA 


























36 


3 


1 


A- Msp.SP- 1 * SP 






• 


• 


• 


• 




PSHB 


























37 


3 


1 


8 - Msp. SP - 1 - SP 






• 


• 


• 


• 


Pull Data 


PULA 


























32 


4 


1 


SP + 1 - SP, Msp - A 






• 


• 


• 


• 




PULB 


























33 


4 


1 


SP + 1 - SP. Msp - B 






• 


• 


• 


• 


Rotate Left 


ROL 














69 


6 


2 


79 


6 


3 








M, r- ~ I 










6 


J 




ROLA 


























49 


2 


1 


.)M H I I I I I I I M 










6 


: 




B J C b7 bo 






ROLB 


























59 


2 


1 










6 


i 


Rotate Right 


ROR 














66 


6 


2 


76 


6 


3 


















6 t 








RORA 


























46 


2 


1 


a kj-u MINIM 

J C b7 bO 










6 


j 




RORB 














I 










56 


2 


1 










6 


i 



The Condition Code Register notes are listed after Table 10. 
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Table 7 Accumulator & Memory Instructions (Continued) 







Addressing Modes 


Boolean/ 
Arithmetic Operation 


Condition Code 
Register 


Operations I Mnemonic 


IMMED. 


DIRECT 


INDEX 


EXTEND 


IMPLIED 


5 


4 


3 


2 


1 





| 


OP 


~ 


* 


OP 


~ 


zi 


OP 


~ 


* 


OP 


~ 


JT 


OP 


~ 


XT 


H 


1 


N 


Z 


V 


C 


Shift Left 


ASL | 












68 


6 


2 


78 


6 


3 








M, * 










© 


I 


Arithmetic 


ASLA j 
























48 


2 


1 


a | h M I 1 1 1 1 h- o 










<?' 


J 




ASLB | 
























58 


2 


1 


B ) C b7 bO 










© 


J 




























05 


3 


1 












© 




Double Shift 
Left, Arithmetic 


ASLD 








1 H aCC a/ AM S 1— o 

C A7 AO B7 BO 


t 


Shift Right 


ASR 














67 


6 


2 


77 


6 


3 








M ) r^ * 










© 


J 


Arithmetic 


ASRA 


























47 


2 


1 


A L|'| 1 1 1 1 1 1 M 1 

8 I b7 bO C 










© 


t 




ASRB 


























57 


2 


1 










© 


I 


Shift Right 


LSR 














64 


6 


2 


74 


6 


3 








M) ► 










\3 


1 


Logical 


LSRA 


























44 


2 


1 


a o-i Milium 

bI » 7 h0 r 










© 


J 




LSRB 


























54 


2 


1 










© 


1 




LSRD 


























04 


3 


1 


— -*■ 






R 




© 




Double Shift 
Right Logical 


0-4 ACC A/ ACC B ^-»| | 
A7 AO B7 BO C 


t 


Store 


ST A A 








97 


3 


2 


A7 


4 


2 


B7 


4 


3 








A- M 










R 


• 


Accumulator 


STAB 








D7 


3 


2 


E7 


4 


2 


F7 


4 


3 








B - M 










R 


• 


Store Double 
Accumulator 


STD 








DD 


4 


2 


ED 


5 


2 


FD 


5 


3 








A- M 
B -» M + 1 










R 


• 


Subtract 


SUBA 


80 


2 


2 


90 


3 


2 


A0 


4 


2 


BO 


4 


3 








A-M -A 
















SUBB 


CO 


2 


2 I DO 


3 


2 


E0 


4 


2 


F0 


4 


3 








B -M -»B 














Double Subtract 


SUBD 


83 


4 


3 


93 


5 


2 


A3 


6 


2 


B3 


6 


3 








A:B-M:M+1-A:B 














Subtract 
Accumulators 


SBA 


























10 


2 


1 


A-B- A 














Subtract 


SBCA 


82 


2 


2 


92 


3 


2 


A2 


4 


2 


B2 


4 


3 








A-M-C- A 














With Carry 


SBCB 


C2 


2 


2 


D2 


3 


2 


E2 


4 


2 


F2 


4 


3 








B -M-C-'B 














Transfer 


TAB 


























16 


2 


1 


A-> B 










R 


• 


Accumulators 


TBA 


























17 


2 


1 


B-. A 










R 


• 


Test Zero or 


TST 














6D 


6 


2 


7D 


6 


3 








M-00 










R 


R 


Minus 


TSTA 


























4D 


2 


1 


A -00 










R 


R 




TSTB 


























5D 


2 


1 


B -00 










R 


R 



The Condition Code Register notes are listed after Table 10. 



Direct Addressing 

In direct addressing, the address of the operand is contained 
in the second byte of the instruction. Direct addressing allows 
the user to directly address the lowest 256 bytes in the machine 
i.e., locations zero through 255. Enhanced execution times are 
achieved by storing data in these locations. In most configura- 
tions, it should be a random access memory. These are two-byte 
instructions. 
Extended Addressing 

In extended addressing, the address contained in the second 
byte of the instruction is used as the higher 8-bits of the address 
of the operand. The third byte of the instruction is used as the 
lower 8-bits of the address for the operand. This is an absolute 
address in memory. These are three-byte instructions. 
Indexed Addressing 

In indexed addressing, the address contained in the second 
byte of the instruction is added to the index register's lowest 



8-bits in the "CPU. The carry is then added to the higher 
order 8-bits of the index register. This result is then used to 
address memory. The modified address is held in a temporary 
address register so there is no change to the index register. These 
are two-byte instructions. 
Implied Addressing 

In the implied addressing mode the instruction gives the 
address (i.e., stack pointer, index register, etc.). These are 
one-byte instructions. 
Relative Addressing 

In relative addressing, the address contained in the second 
byte of the instruction is added to the program counter's lowest 
8-bits plus two. The carry or borrow is then added to the high 
8-bits. This allows the user to address data within a range of 
-126 to +129 bytes of the present instruction. These are two- 
byte instructions. 
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• New Instructions 

In addition to the existing 6800 Instruction Set, the following new instructions are 
incorporated in the HD6803 Microcomputer. 

ABX Adds the 8-bit unsigned accumulator B to the 16-bit X-Register taking into account 

the possible carry out of the low order byte of the X-Register. 
ADDO Adds the double precision ACCD* to the double precision value M:M+1 and places 

the results in ACCD. 
ASLD Shifts all bits of ACCD one place to the left. Bit is loaded witrrzero. The C bit is 

loaded from the most significant bit of ACCD. 
LDD Loads the contents of double precision memory location into the double 

accumulator A:B. The condition codes are set according to the data. 
LSRD Shifts all bits of ACCD one place to the right. Bit 15 is loaded with zero. The C bit 

is loaded from the least significant bit to ACCD. 
MUL Multiplies the 8 bits in accumulator A with the 8 bits in accumulator B to obtain a 

16-bit unsigned number in A:B, ACCA contains MSB of result. 
PSHX The contents of the index register is pushed onto the stack at the address contained 

in the stack pointer. The stack pointer is decremented by 2. 
PULX The index register is pulled from the stack beginning at the current address 

contained in the stack pointer +1. The stack pointer is incremented by 2 in total. 
STD Stores the contents of double accumulator A:B in memory. The contents of ACCD 

remain unchanged. 
SUBD Subtracts the contents of M:M + 1 from the contents of double accumulator AB 

and places the result in ACCD. 
BRN Never branches. If effect, this instruction can be considered a two byte NOP (No 

operation) requiring three cycles for execution. 
CPX Internal processing modified to permit its use with any conditional branch in- 
struction. 

•ACCD' is the 16 bit register (A:B) formed by concatenating the A and B accumulators. The A-accumu- 
lator is the most significant byte. 

Table 8 Index Register and Stack Manipulation Instructions 
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Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic Operation 


Condition Code 
Register 


Pointer Operations 


IMMED. 


DIRECT 


INDEX 


EXTND 


IMPLIED 


5 


4 


3 


*.' 







OP 


~ 


« 


OP 


~ 


ft 


OP 


~ 


« 


OP 


~ 


» 


'op 


~ 


n 


H 


1 


N 


z 


v 


C 


Compare Index Reg 


CPX 


8C 


4 


3 


9C 


5 


2 


AC 


6 


2 


BC 


6 


3 








X -M : M + 1 






t 


T 


t 


I 


Decrement Index Reg 


DEX 


























09 


3 


1 


X - 1 -» X 








t 


• 


• 


Decrement Stack Pntr 


DES 


























34 


3 


1 


SP - 1 - SP 














Increment Index Reg 


INX 


























08 


3 


1 


X + 1 - X 








T 


• 


• 


Increment Stack Pntr 


INS 


























31 


3 


1 


SP + 1 - SP 














Load Index Reg 


LDX 


CE 


3 


3 


DE 


4 


2 


EE 


5 


2 


FE 


5 


3 








M- X H , (M + 1)~ X L 






(t 


it_ 


R . 


Load Stack Pntr 


LDS 


8E 


3 


3 


9E 


4 


2 


AE 


5 


2 


BE 


5 


3 








M-SP H .(M + 1|-'SP L 






'2> 


» 


R 


• 


Store Index Reg 


STX 








DF 


4 


2 


EF 


5 


2 


FF 


5 


3 








X H -M,X L - (M + 11 









r 


R 


• 


Store Stack Pntr 


STS 








9F 


4 


2 


AF 


5 


2 


BF 


5 


3 








SPh-'M.SPl- (M + 1) 






(2) 


t 


R 


• 


Index Reg -» Stack Pntr 


TXS 


























35 


3 


1 


X - 1 - SP 














Stack Pntr ~» Index Reg 


TSX 


























30 


3 


1 


SP + 1 - X 














Add 


ABX 


























3A 


3 


1 


B + X- X 














Push Data 


PSHX 


























3C 


4 


1 


X L -M,p. SP-1 -SP 
XH-Mjp.SP-1-SP 














Pull Data 


PULX 


























38 


5 


1 


SP + 1 - SP. M, p - X H 
SP+ 1-SP.M,p-X L 















The Condition Code Register notes are listed after Table 10. 
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Table 9 Jump and Branch Instructions 





Mnemonic 


Addressing Modes 


Branch Test 


Condition Code 
Register 


Operations 


RELATIVE 


DIRECT 


INDEX 


EXTND 


IMPLIED 


5 


4 


3 


2 


1 







OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


H 


I 


N 


Z 


V 


c 


Branch Always 


BRA 


^20~ 


3 


2 


























None 














Branch Never 


BRN 


21 


3 


2 


























None 














Branch If Carry Clear 


BCC 


24 


3 


2 


























C = 














Branch If Carry Set 


BCS 


25 


3 


2 


























C= 1 














Branch If = Zero 


BEQ 


27 


3 


2 


























Z= 1 














Branch If > Zero 


BGE 


2C 


3 


2 


























N© V = 














Branch If > Zero 


BGT 


2E 


3 


2 


























Z + (N © V) = 














Branch If Higher 


BHI 


22 


3 


2 


























/C + Z = 














Branch If < Zero 


BLE 


2F 


3 


2 


























Z + (N © V) - 1 














Branch If Lower Or 
Same 


BLS 


23 


3 


2 


























C + Z = 1 














Branch If < Zero 


BLT 


2D 


3 


2 


























N © V= 1 














Branch If Minus 


BMI 


2B 


3 


2 


























N = 1 














Branch If Not Equal 
Zero 


BNE 


26 


3 


2 


























Z = 














Branch If Overflow 
Clear 


BVC 


28 


3 


2 


























V = 














Branch If Overflow Set 


BVS 


29 


3 


2 


























V = 1 














Branch If Plus 


BPL 


2Aj 


3 


2 


























N = 














Branch To Subroutine 


BSR 


8D 


6 


2 








































Jump 


JMP 














6E 


3 


2 


7E 


3 


3 




















Jump To Subroutine 


JSR 








9D 


5 


2 


AD 


6 


2 


BD 


6 


3 




















No Operation 


NOP 


























01 


2 


1 


Advances Prog. Cntr. 
Only 














Return From Interrupt 


RTI 


























3B 


10 


1 




■ ® 


Return From 
Subroutine 


RTS 


























39 


5 


1 














Software Interrupt 


SWI 


























3F 


12 


1 


• 


S 


• 


• 


• 


• 


Wait for Interrupt 


WAI 


























3E 


9 


1 


• 


® 


• 


• 


• 


• 



Table 10 Condition Code Register Manipulation Instructions 





Mnemonic 


Address ingModes 


Boolean Operation 


Condition Code Register 


Operations 


IMPLIED 


5 


4 


3 


2 


1 







OP 


~ 


# 


H 


I 


N 


Z 


V 


c 


Clear Carry 


CLC 


OC 


2 




0-C 




• 






• 


R 


Clear Interrupt Mask 


CLI 


OE 


2 




0- 1 




R 






• 


• 


Clear Overflow 


CLV 


0A 


2 




0- V 




• 






R 


• 


Set Carry 


SEC 


L°P 


2 




1 -C 




• 






• 


s 


Set Interrupt Mask 


SEI 


OF 


2 




1 -► 1 




S 






• 


• 


Set Overflow 


SEV 


OB 


2 




1 -V 




• 






S 


• 


Accumulator A -» CCR 


TAP 


06 


2 




A-» CCR 


€ 


» 




CCR -» Accumulator A 


TPA 


07 


2 




CCR-» A 


.|.|. .|. |. 



Condition Code Register Notes: (Bit set it test is true and cleared otherwise) 

Test. Result - 10000000? 

Test: Result * 00000000? 

Test: Decimal value of most significant BCD Character greater than nine? (Not cleared if previously set) 

Test: Operand = 10000000 prior to execution? 

Test: Operand = 01111111 prior to execution? 

Test: Set equal to result of N © C after shift has occurred. 

Test: Result less than zero? (Bit 15=1) 

Load Condition Code Register from Stack. (See Special Operations) 

Set when interrupt occurs. If previously set, a Non-Maskable Interrupt is required to exit the wait state. 

Set according to the contents of Accumulator A. 

Set equal to result of Bit 7 (AccB) 
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ABA 

ABX 

ADC 

ADD 

ADDD 

AND 

ASL 

ASLD 

ASR 

BCC 

BCS 

BEQ 

BGE 

BGT 

8HI 

BIT 

BLE 

BLS 

BLT 

BMI 

BNE 

BPL 

BRA 

BRN 

BSR 

BVC 

BVS 

CBA 

CLC 

CLI 

CLR 

CLV 

CMP 

COM 

CPX 

DAA 

DEC 

DES 

DEX 

EOR 

INC 

INS 



Imme- 
diate 



Ex- 
tended 



In- Im- 

dexed plied 

• 2 

• 3 

4 
4 
6 
4 
6 



Re- 
lative 



ACCX 



INX 

JMP 

JSR 

LDA 

LDD 

LDS 

LDX 

LSR 

LSRD 

MUL 

NEG 

NOP 

ORA 

PSH 

PSHX 

PUL 

PULX 

ROL 

ROR 

RTI 

RTS 

SBA 

SBC 

SEC 

SEI 

SEV 

STA 

STD 

STS 

STX 

SUB 

SUBD 

SWI 

TAB 

TAP 

TBA 

TPA 

TST 

TSX 

TXS 

WAI 



Imme- 
diate 



Direct 



Ex- In- 
tended dexed 



Im- 
plied 

3 



Re- 
lative 
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• Summary of Cycle by Cycle Operation 

Table 12 provides a detailed description of the information 
present on the Address Bus. Data Bus, and the Read/Write line 
(R/W) during each cycle for each instruction. 

This information is useful in comparing actual with expected 
results during debug of both software and hardware as the 



control program is executed. The information is categorized in 
groups according to addressing mode and number of cycles per 
instruction. (In general, instructions with the same addressing 
mode and number of cycles execute in the same manner: ex- 
ceptions are indicated in the table). 



Table 12 Cycle by Cycle Operation 



Address Mode & 
Instructions 



Cycles 



Cycle 

# 



Address Bus 



R/W 
Line 



Data Bus 



IMMEDIATE 



ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 


2 


1 
2 


Op Code Address 
Op Code Address + 1 


1 
1 


Op Code 
Operand Data 


LDS 
LDX 
LDD 


3 


1 
2 
3 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 




Op Code 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 


CPX 

SUBD 

ADDD 


4 


1 
2 
3 

4 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Address Bus FFFF 




Op Code 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


DIRECT 


ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 


3 


1 
2 
3 


Op Code Address 
Op Code Address + 1 
Address of Operand 




Op Code 

Address of Operand 

Operand Data 


STA 


3 


1 
2 
3 


Op Code Address 
Op Code Address + 1 
Destination Address 





Op Code 

Destination Address 
Data from Accumulator 


LDS 
LDX 

LDD 


4 


1 
2 
3 
4 


Op Code Address 
Op Code Address + 1 
Address of Operand 
Operand Address + 1 




Op Code 

Address of Operand 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 


STS 
STX 
STD 


4 


1 
2 
3 
4 


Op Code Address 
Op Code Address + 1 
Address of Operand 
Address of Operand + 1 






Op Code 

Address of Operand 

Register Data (High Order Byte) 

Register Data (Low Order Byte) 


CPX 

SUBD 

ADDD 


5 


1 
2 
3 
4 
5 


Op Code Address 
Op Code Address + 1 
Operand Address 
Operand Address + 1 
Address Bus FFFF 




Op Code 

Address of Operand 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 

Low Byte of Restart Vector 


JSR 


5 


1 
2 
3 
4 
5 


Op Code Address 
Op Code Address + 1 
Subroutine Address 
Stack Pointer 
Stack Pointer + 1 






Op Code 

Irrelevant Data 

First Subroutine Op Code 

Return Address (Low Order Byte) 

Return Address (High Order Byte) 



(Continued) 
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Table 12 Cycle by Cycle Operation (Continued) 



Address Mode & 
Instructions 



Cycles 



Cycle 

# 



Address Bus 



R/W 
Line 



Data Bus 



INDEXED 



JMP 


3 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Offset 






3 


Address Bus FFFF 




Low Byte of Restart Vector 


ADC EOR 


4 


1 


Op Code Address 




Op Code 


ADD LDA 




2 


Op Code Address + 1 




Offset 


AND ORA 




3 


Address Bus FFFF 




Low Byte of Restart Vector 


BIT SBC 




4 


Index Register Plus Offset 




Operand Data 


CMP SUB 












STA 


4 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Offset 






3 


Address Bus FFFF 




Low Byte of Restart Vector 






4 


Index Register Plus Offset 





Operand Data 


LDS 


5 


1 


Op Code Address 




Op Code 


LDX 




2 


Op Code Address + 1 




Offset 


LDD 




3 


Address Bus FFFF 




Low Byte of Restart Vector 


LDD 




4 


Index Register Plus Offset 




Operand Data (High Order Byte) 






5 


Index Register Plus Offset + 1 




Operand Data (Low Order Byte) 


STS 


5 


1 


Op Code Address 




OpCode 


STX 




2 


Op Code Address + 1 




Offset 


STD 




3 


Address Bus FFFF 




Low Byte of Restart Vector 






4 


Index Register Plus Offset 





Operand Data (High Order Byte) 






5 


Index Register Plus Offset + 1 





Operand Data (Low Order Byte) 


ASL LSR 


6 


1 


Op Code Address 




Op Code 


ASR NEG 




2 


Op Code Address + 1 




Offset 


CLR ROL 




3 


Address Bus FFFF 




Low Byte of Restart Vector 


COM ROR 




4 


Index Register Plus Offset 




Current Operand Data 


DEC TST* 




5 


Address Bus FFFF 




Low Byte of Restart Vector 


INC 




6 


Index Register Plus Offset 





New Operand Data 


CPX 


6 


1 


Op Code Address 




Op Code 


SUBD 




2 


Op Code Address + 1 




Offset 


ADDD 




3 


Address Bus FFFF 




Low Byte of Restart Vector 






4 


Index Register + Offset 




Operand Data (High Order Byte) 






5 


Index Register + Offset + 1 




Operand Data (Low Order Byte) 






6 


Address Bus FFFF 




Low Byte of Restart Vector 


JSR 


6 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Offset 






3 


Address Bus FFFF 




Low Byte of Restart Vector 






4 


Index Register + Offset 




First Subroutine Op Code 






5 


Stack Pointer 





Return Address (Low Order Byte) 






6 


Stack Pointer - 1 





Return Address (High Order Byte) 



In the TST instruction, R/W line of the sixth cycle is "1" level, and AB » FFFF, DB = Low Byte of Reset Vector. 
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Table 1 2 Cycle by Cycle Operation (Continued) 



Address Mode & 
Instructions 



Cycles 



Cycle 

# 



Address Bus 



R/W 
Line 



Data Bus 



EXTENDED 



JMP 


3 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Jump Address (High Order Byte) 






3 


Op Code Address + 2 




Jump Address (Low Order Byte) 


ADC EOR 


4 


1 


Op Code Address 




Op Code 


ADD LDA 




2 


Op Code Address + 1 




Address of Operand (High Order Byte) 


AND ORA 




3 


Op Code Address + 2 




Address of Operand (Low Order Byte) 


BIT SBC 




4 


Address of Operand 




Operand Data 


CMP SUB 












STA 


4 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Destination Address (High Order Byte) 






3 


Op Code Address + 2 




Destination Address (Low Order Byte) 






4 


Operand Destination Address 





Data from Accumulator 


LDS 


5 


1 


Op Code Address 




Op Code 


LDX 




2 


Op Code Address + 1 




Address of Operand (High Order Byte) 


LDD 




3 


Op Code Address + 2 




Address of Operand (Low Order Byte) 






4 


Address of Operand 




Operand Data (High Order Byte) 






5 


Address of Operand + 1 




Operand Data (Low Order Byte) 


STS 


5 


1 


Op Code Address 




Op Code 


STX 




2 


Op Code Address + 1 




Address of Operand (High Order Byte) 


STD 




3 


Op Code Address + 2 




Address of Operand (Low Order Byte) 






4 


Address of Operand 





Operand Data (High Order Byte) 






5 


Address of Operand + 1 





Operand Data (Low Order Byte) 


ASL LSR 


6 


1 


Op Code Address 




Op Code 


ASR NEG 




2 


Op Code Address + 1 




Address of Operand (High Order Byte) 


CLR ROL 




3 


Op Code Address + 2 




Address of Operand (Low Order Byte) 


COM ROR 




4 


Address of Operand 




Current Operand Data 


DEC TST* 




5 


Address Bus FFFF 




Low Byte of Restart Vector 


INC 




6 


Address of Operand 





New Operand Data 


CPX 


6 


1 


Op Code Address 




Op Code 


SUBD 




2 


Op Code Address + 1 




Operand Address (High Order Byte) 


ADDD 




3 


Op Code Address + 2 




Operand Address (Low Order Byte) 






4 


Operand Address 




Operand Data (High Order Byte) 






5 


Operand Address + 1 




Operand Data (Low Order Byte) 






6 


Address Bus FFFF 




Low Byte of Restart Vector 


JSR 


6 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Address of Subroutine (High Order Byte) 






3 


Op Code Address + 2 




Address of Subroutine (Low Order Byte) 






4 


Subroutine Starting Address 




Op Code of Next Instruction 






5 


Stack Pointer 





Return Address (Low Order Byte) 






6 


Stack Pointer - 1 





Return Address (High Order Byte) 



' In the TST instruction, R/W line of the sixth cycle is "1" level, and AB = FFFF, DB = Low Byte of Reset Vector 



(Continued) 



130 



HITACHI 



-HD6803.HD6803-1 



Table 12 Cycle by Cycle Operation (Continued) 



Address Mode & 
Instructions 



Cycles 



Cycle 

# 



Address Bus 



R/W 
Line 



Data Bus 



IMPLIED 



ABA DAA SEC 


2 


1 


Op Code Address 


1 


Op Code 


ASL DEC SEI 




2 


Op Code Address + 1 


1 


Op Code of Next Instruction 


ASR INC SEV 












CBA LSR TAB 












CLC NEG TAP 












CLI NOP TBA 












CLR ROL TPA 












CLV ROR TST 












COM SBA 








i 


ABX 


3 


1 


Op Code Address 


1 ! Op Code 






2 


Op Code Address + 1 


1 | Irrelevant Data 






3 


Address Bus FFFF 




Low Byte of Restart Vector 


ASLD 


3 


1 


Op Code Address 




Op Code 


LSRD 




2 


Op Code Address + 1 




Irrelevant Data 






3 


Address Bus FFFF 




Low Byte of Restart Vector 


DES 


3 


1 


Op Code Address 




Op Code 


INS 




2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Previous Register Contents 




Irrelevant Data 


INX 


3 


1 


Op Code Address 




Op Code 


DEX 




2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Address Bus FFFF 




Low Byte of Restart Vector 


PSHA 


3 


1 


Op Code Address 




Op Code 


PSHB 




2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Stack Pointer 





Accumulator Data 


TSX 


3 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Stack Pointer 




Irrelevant Data 


TXS 


3 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Address Bus FFFF 




Low Byte of Restart Vector 


PULA 


4 


1 


Op Code Address 




Op Code 


PULB 




2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Stack Pointer 




Irrelevant Data 






4 


Stack Pointer + 1 






PSHX 


4 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Irrelevant Data 






3 


Stack Pointer 





Index Register (Low Order Byte) 






4 


Stack Pointer - 1 





Index Register (High Order Byte; 


PULX 


5 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Irrelevant Data 






3 


Stack Pointer 




Irrelevant Data 






4 


Stack Pointer + 1 




Index Register (High Order Byte) 






5 


Stack Pointer +2 




Index Register (Low Order Byte) 


RTS 


5 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Irrelevant Data 






3 


Stack Pointer 




Irrelevant Data 






4 


Stack Pointer + 1 




Address of Next Instruction 
(High Order Byte) 






5 


Stack Pointer + 2 




Address of Next Instruction 
(Low Order Byte) 


WAI" 


9 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Stack Pointer 





Return Address (Low Order Byte) 






4 


Stack Pointer — 1 

1 





Return Address (High Order Byte) 



(Continued) 



HITACHI 



131 



HD6803,HD6803-1- 







Table 12 Cycle by Cycle Operation (Continued) 


Address Mode & 
Instructions 


Cycles 


Cycle 


Address Bus 


R/W 
Line 


Data Bus 


WAI" 




5 


Stack Pointer - 2 





Index Register (Low Order Byte) 






6 


Stack Pointer - 3 





Index Register (High Order Byte) 






7 


Stack Pointer - 4 





Contents of Accumulator A 






8 


Stack Pointer — 5 





Contents of Accumulator B 






9 


Stack Pointer - 6 





Contents of Cond. Code Register 


MUL 


10 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Irrelevant Data 






3 


Address Bus FFFF 




Low Byte of Restart Vector 






4 


Address Bus FFFF 




Low Byte of Restart Vector 






5 


Address Bus FFFF 




Low Byte of Restart Vector 






6 


Address Bus FFFF 




Low Byte of Restart Vector 






7 


Address Bus FFFF 




Low Byte of Restart Vector 






8 


Address Bus FFFF 




Low Byte of Restart Vector 






9 


Address Bus FFFF 




Low Byte of Restart Vector 






10 


Address Bus FFFF 




Low Byte of Restart Vector 


RTI 


10 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Irrelevant Data 






3 


Stack Pointer 




Irrelevant Data 






4 


Stack Pointer + 1 




Contents of Cond. Code Reg. 
from Stack 






5 


Stack Pointer + 2 




Contents of Accumulator B 
from Stack 






6 


Stack Pointer + 3 




Contents of Accumulator A 
from Stack 






7 


Stack Pointer + 4 




Index Register from Stack 
(High Order Byte) 






8 


Stack Pointer + 5 




Index Register from Stack 
(Low Order Byte) 






9 


Stack Pointer + 6 




Next Instruction Address from 
Stack (High Order Byte) 






10 


Stack Pointer + 7 




Next Instruction Address from 
Stack (Low Order Byte) 


SWI 


12 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Irrelevant Data 






3 


Stack Pointer 





Return Address (Low Order Byte) 






4 


Stack Pointer — 1 





Return Address (High Order Byte) 






5 


Stack Pointer - 2 





Index Register (Low Order Byte) 






6 


Stack Pointer — 3 





Index Register (High Order Byte) 






7 


Stack Pointer - 4 





Contents of Accumulator A 






8 


Stack Pointer — 5 





Contents of Accumulator B 






9 


Stack Pointer - 6 





Contents of Cond. Code Register 






10 


Stack Pointer — 7 


1 


Irrelevant Data 






11 


Vector Address FFFA (Hex) 


1 


Address of Subroutine 
(High Order Byte) 






12 


Vector Address FFFB (Hex) 


1 


Address of Subroutine 
(Low Order Byte) 



(Continued) 

While the MPU is in the "Wait" state, its bus state will appear as a series of MPU reads of an address which is seven locations less than the 
original contents of the Stack Pointer. Contrary to the HD6800, none of the ports are driven to the high impedance state by a WAI 
instruction. 
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Table 12 Cycle by Cycle Operation (Continued) 



RELATIVE 



Address Mode & 
Instructions 


Cycles 


Cycle 

# 


Address Bus 


R/W 
Line 


Data Bus 


BCC BHT BNE 
BCS BLE BPL 
BEQ BLS BRA 
BGE BLT BVC 
BGT BMT BVS 
BRN 


3 


1 
2 
3 


Op Code Address 
Op Code Address + 1 
Address Bus FFFF 


1 

1 
1 


Op Code 

Branch Offset 

Low Byte of Restart Vector 


BSR 


6 


1 
2 
3 
4 
5 
6 


Op Code Address 
Op Code Address + 1 
Address Bus FFFF 
Subroutine Starting Address 
Stack Pointer 
Stack Pointer — 1 


1 
1 
1 
1 





Op Code 

Branch Offset 

Low Byte of Restart Vector 

Op Code of Next Instruction 

Return Address (Low Order Byte) 

Return Address (High Order Byte) 



• Summary of Undefined Instruction Operations 

The HD6803 has 36 underfined instructions. When these are 
carried out, the contents of Register and Memory in MPU 
change at random. 



When the op codes (4E, 5E) are used to execute, the MPU 
continues to increase the program counter and it will not stop 
until the Reset signal enters. These op codes are used to test the 
LSI. 



Table 1 3 Op codes Map 



HD6803 MICROPROCESSOR INSTRUCTIONS 




OP 
CODE 




ACC 
A 


ACC 
B 


IND 


EXT 


ACCA or SP 


ACCBor X 




IMM 


DIR 


IND 


EXT 


IMM 


DIR 


IND 


EXT 




LC>\ 


HI 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 







1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 




0000 







S8A 


BRA 


TSX 


NEG 


SUB 





0001 


1 


NOP 


CBA 


BRN 


INS 


______^- — — - 


CMP 


1 


0010 


2 






BHI 


PULA (+1) 




SBC 


2 


0011 


3 




^^ 


BLS 


PULBI+1) 


COM 


• ; SUBD (+2) 


| • 


ADDD (+2) 




3 


0100 


4 


LSRD (+1) 




BCC 


DES 


LSR 




AND 




I 4 


0101 


5 


ASLD (+1) 


^^ 


BCS 


TXS 


____—- — - 




BIT 


1 5 


0110 


6 


TAP 


TAB 


BNE 


PSHA 


ROR 




LDA 


6 


0111 


7 


TPA 


TBA 


BEQ 


PSHB 


ASR 


/^1 STA 


\^ 


STA j 7 


1000 


8 


INX (+1) 


^-^ 


BVC 


PULX (+2) 


ASL 




EOR 




8 


1001 


9 


DEX(+1) 


DAA 


BVS 


RTS (+2) 


ROL 




ADC 




9 


1010 


A 


CLV 




BPL 


ABX 


DEC 




ORA 


A 


1011 


B 


SEV 


ABA 


BMI 


RTI (+7) 


— " 




ADD 


! B 


1100 


C 


CLC 




BGE 


PSHXI+1) 


INC 


• : cpx 1+2) 


• 


LDD (+1) 


C 


1101 





SEC 




BLT 


MUL (+7) 


TST 


B + S 4 R | JSR (+2) 


* (+1) 


STD (+1) 


D 


1110 


E 


CLI 


^ 


BGT 


WAI (+6) 


__, • 


* ~~\ JMP 


(-3) 


* : LDSI+1) 




LDX (+1) 


E 


1111 


F 


SEI 


^" 


BLE 


SWI (+9) 


CLR 


*i*{)\ STSI+1) 


: i+D 


STX (+1) 


F 


8YTE/CYCLE 


1/2 


1/2 


2/3 


1/3 


1/2 


1/2 [ 2/6 


3/6 


2/2 | 2/3 [ 2/4 


3/4 


2/2 


2/3 | 2/4 [ 3/4 





(NOTES! 1 ) Undefined Op codes are marked with I - 1 . 

2) ( ) indicate that the number in parenthesis must be added to the cycle count for that instruction. 

3) The instructions shown below are all 3 bytes and are marked with "*". 

Immediate addressing mode of SUBD, CPX, LDS, ADDD, LDD and LDX instructions, and undefined op codes 
(8F, CD, CF). 

4) The Op codes (4E, 5E) are 1 byte/» cycles instructions, and are marked with ' 
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I 



f RESET ) 




| 






1 - ITMP 
1 -1 






1 




Vector -» PC 


RESETjFFFE: FFFF 





1™*-'! 



Stack Machine State 
PC, X. A. 8. CC 



Condition Code Register 



f 



ITMP 




I - ITMP 
1-»l 



Vector -♦ PC 


NMI 


FFFCFFFD 


SWI 


FFFAFFFB 


IRQ, 


FFF8FFF9 


ICF 


FFF6FFF7 


OCF 


FFF4 FFF5 


TOF 


FFF2FFF3 


SCI 


FFF0FFF1 



3 



*SCI = TIE-TORE + RIEMRDRF + ORFE) 



Non-Maskable Interrupt 

Software Interrupt 

Maskable Interrupt Request 1 

Input Capture Interrupt 

Output Compare Interrupt 

Timer Overflow Interrupt 

SCI Interrupt (TDRE + RDRF ♦ ORFE) 



O 

at 

§ 

CO 

I 
o 
(ft 

00 
O 
04 



Figure 16 Interrupt Flowchart 
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HD6803 
MPU 



Address 
Strobe 



Enable 



ROM 



Address Bus Data Bus 

Figure 17 HD6803 MPU Expanded Multiplexed Bus 
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HD6805S1 

MCU (Microcomputer Unit) 

The HD6805S1 is the 8-bit Microcomputer Unit (MCU) 
which contains a CPU, on-chip clock, ROM, RAM, I/O and 
timer. It is designed for the user who needs an economical 
microcomputer with the proven capabilities of the HD 
6800-based instruction set. 

The following are some of the hardware and software 
highlights of the MCU. 

HARDWARE FEATURES 

8-Bit Architecture 

64 Bytes of RAM 

Memory Mapped I/O 

1100 Bytes of User ROM 

Internal 8-Bit Timer with 7-Bit Prescaler 

Vectored Interrupts — External and Timer 

20 TTL/CMOS Compatible I/O Lines; 8 Lines LED 

Compatible 

On-Chip Clock Circuit 

Self-Check Mode 

Master Reset 

Low Voltage Inhibit 

Complete Development System Support by Evaluation 

kit 

5 Vdc Single Supply 

Compatible with MC6805P2 

SOFTWARE FEATURES 

Similar to HD6800 

Byte Efficient Instruction Set 

Easy to Program 

True Bit Manipulation 

Bit Test and Branch Instructions 

Versatile Interrupt Handing 

Powerful Indexed Addressing for Tables 

Full Set of Conditional Branches 

Memory Usable as Registers/Flags 

Single Instruction Memory Examine/Change TIMER 

10 Powerful Addressing Modes 

All Addressing Modes Apply to ROM, RAM and I/O 

Compatible with MC6805P2 
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■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc* 


-0.3 ~ +7.0 


V 


Input Voltage (EXCEPT TIMER) 


V * 

v in 


-0.3 ~ +7.0 


V 


Input Voltage (TIMER) 


-0.3- +12.0 


V 


Operating Temperature 


' opr 


~+70 


°C 


Storage Temperature 


T « 9 


-55~+150 


°C 



• With respect to V S s (SYSTEM GNO) 

(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under 
recommended operating conditions. If these conditions are exceeded, it could affect reliability of LSI. 



ELECTRICAL CHARACTERISTICS 

DC CHARACTERISTICS (V cc -5.26V + 0.5V, Vss=GND, Ta=0~+70°C. unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 




RES 


V,H 




4.0 


- 


Vcc 


V 


Input "High" Voltage 


INT 




3.0 


- 


Vcc 


V 




All Other 




2.0 


- 


Vcc 


V 


Input "High" Voltage Timer 


Timer Mode 




2.0 


- 


Vcc 


V 


Self -Check Mode 




9.0 


- 


11.0 


V 




RES 


V,L 




-0.3 


- 


0.8 


V 


Input "Low" Voltage 


Tnt 




-0.3 


- 


0.8 


V 


EXTAL(Crystal Mode) 




-0.3 


- 


0.6 


V 




All Other 




-0.3 


- 


0.8 


V 


Power Dissipation 


Po 




- 


- 


700 


mW 


Low Voltage Recover 


LVR 




- 


- 


4.75 


V 


Low Voltage Inhibit 


LVI 




- 


4.0 


- 


V 




TIMER 


l,L 


V jn =0.4V~V cc 


-20 


- 


20 


/iA 


Input Leak Current 


INT 


-50 


- 


50 


/L/A 




EXTAL(Crystal Mode) 


-1200 


- 





/iA 



• AC CHARACTERISTICS (V C c=5.25V + 0.5V. Vss=GND,Ta=0~ +70° C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max Unit 


Clock Frequency 


fc. 




0.4 


- 


4.0 


MHz 


Cycle Time 


tcyc 




1.0 


- 


10 


MS 


Oscillation Frequency 


(External Resistor Mode) 


T EXT 


R CP =15.0kU±1% 


- 


3.4 


- 


MHz 


TNT Pulse Width 


tlWL 




tcyc + 

250 


- 


- 


ns 


RES Pulse Width 


tRWL 




tcyc + 

250 


- 


- 


ns 


TIMER Pulse Width 


l TWL 




t CV c + 

250 


- 


- 


ns 


Oscillation Start-up Ti 


me (Crystal Mode) 


tosc 


C L =22pF+20%, 
R S =60J2 max. 


- 


- 


100 


ms 


Delay Time Reset 


'rhl 


External Cap. = 2.2 mF 


.100 


- 


- 


ms 


Input Capacitance 


XTAL 


c in 


V in =0V 


- 


- 


30 


PF 


All Other 


- 


- 


10 


pF 
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• PORT ELECTRICAL CHARACTERISTICS (V C c g 5.25V ± 0.5V, Vss = GND, Ta = ~ +70°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


tVP 


max 


Unit 




Port A 


Voh 


'OH --IOjiA 


3.5 


- 


- 


V 




Ioh =-100/iA 


2.4 


- 


- 


V 


Output "High" Voltage 


PortB 


•oh = -200mA 


2.4 


- 


- 


V 




'OH = -1 rnA 


1.5 


- 


- 


V 




PortC 


l H "-100/iA 


2.4 


- 


- 


V 




Port A and C 


Vol 


•ol "1.6 mA 


- 


- 


0.4 


V 


Output "Low" Voltage 


PortB 


Iol = 3.2 mA 


- 


- 


0.4 


V 




Iol = 10 mA 


;• - 


- 


1.0 


V 


Input "High" Voltage 


Port A, B, C 


VlH 




2.0 


— 


Vcc 


V 


Input "Low" Voltage 


V.L 




-0.3 


- 


0.8 


V 




Port A 


IlL 


V in = 0.8V 


-500 


- 


- 


MA 


Input Leak Current 


Vi„ = 2V 


-300 


- 


- 


MA 




Port B, C 


Vm = 0.4V ~V CC 


- 20 


- 


20 


HA 



TTL Equiv. (Port B) 



Test Point 
O • 



lj- 3.2 mA 




Vi 



=p40pF >12k« 



-w " 



TTL Equiv. (Port A and C) 



Test Point 



lj = 1.6 mA 




Vi 



-T-30pF ^24k« -- 

V. 



(NOTE) 1 . Load capacitance includes the floating capacitance of the probe and the jig etc. 
2. All diodes are 1S2074 (g) or equivalent. 

Figure 1 Bus Timing Test Loads 



■ SIGNAL DESCRIPTION 

The input and output signals for the MCU, shown in PIN 
ARRANGEMENT, are described in the following paragraphs. 

• Vcc ■ndV ss 

Power is supplied to the MCU using these two pins. Vcc is 
+5 .25 V ±0.5 V. Vss is the ground connection. 

• INT 

This pin provides the capability for asynchronously applying 
an external interrupt to the MCU. Refer to INTERRUPTS for 
additional information. 

• XTAL and EXTAL 

These pins provide connections for the on-chip clock circuit. 
A crystal (AT cut, 4 MHz maximum), a resistor or an external 
signal can be connected to these pins to provide a system clock 
with various stability/cost tradeoffs. Refer to INTERNAL OS- 
CILLATOR OPTIONS for recommendations about these inputs. 



• TIMER 

This pin allows an external input to be used to decrement the 
interna] timer circuitry. Refer to TIMER for additional informa- 
tio n abo ut the timer circuitry. 

• RES 

This pin allows resetting of the MCU at times other than the 
automatic resetting capability already in the MCU. Refer to 
RESETS for additional information. 

• NUM 

This pin is not for user application and should be connected 
to Vgs- 

• Input/Output Lines (A ~ A 7 , B ~ B, , C ~ C 3 ) 

These 20 lines are arranged into tow 8-bit ports (A and B) 
and one 4-bit port (C). All lines are programmable as either 
inputs or outputs under software control of the Data Direction 
Registers (DDR). Refer to INPUT/OUTPUT for additional 
information. 



138 



HITACHI 



HD6805S1 



■ MEMORY 

The MCU memory is configured as shown in Figure 2. During 
the processing of an interrupt, the contents of the CPU registers 
are pushed onto the stack in the order shown in Figure 3. Since 
the stack pointer decrements during pushes, the low order byte 
(PCL) of the program counter is stacked first; then the high 
order three bits (PCH) are stacked. This ensures that the 
program counter is loaded correctly as the stack pointer 



increments when it pulls data from the stack.- A subroutine call 
will cause only the program counter (PCH, PCL) contents to be 
pushed onto the stack. 



Caution : - Self Test ROM Address Area 

Self test ROM locations can not be used for a user program. 
If the user's program is in this location, it will be removed when 
manufacturing mask for production. 





7 





000 


I/O Ports 
Timer 
RAM 




127 


(128 Bytes) 




128 


Page Zero 
ROM 




255 


(128 Bytes) 




256 


Not Used 
ROM 




959 


(704 Bytes) 




960 


Main 
ROM 




1923 


(964 Bytes) 




1924 


Self Check 
ROM 




2039 


(11 6 Bytes) 




2040 


Interrupt 

Vectors 

ROM 




2047 


(8 Bytes) 





$000 




$7FF 





7 6 5 4 


3 2 1 C 





Port A 


1 


Port B 


2 


1111 


Port C 


3 


Not Used 


4 


Port A DDR 


5 


Port B DDR 


6 


Not Used 


Port C DDR 


7 


Not Used 


8 


Timer Data Reg 


9 


Timer CTRL Reg 


10 
^63 


Not Used (54 Bytes) 


64 
127\ 


RAM (64 Bytes) 
Stack 

i 



*Write only registers 



Figure 2 MCU Memory Configuration 



$000 

$001 

$002 

$003 

$004* 

$005* 

$006* 

$007 

$008 

$009 

$00A 



$03F 
$040 

$07 F 



7 6 5 4 3 2 1 p u ii 

n + 1 

n + 2 
n+3 
n+4 
n + 5 

• For subroutine calls, only PCH and PCL are stacked 
Figure 3 Interrupt Stacking Order 



n-4 


1 1 1 


Condition 
Code Register 


n-3 


Accumulator 


n-2 


Index Register 


n-1 


11111 


PCH* 


n 


PCL* 



7 

I « I 

7 

I x 1 



PC | 


10 




5 4 








• 


• 





1 


1 


SP 



Index Register 



Program Counter 



Stack Pointer 



| H | I J N Z | C j Condition Code Register 



Carry/Borrow 
Zero 
Negative 
Interrupt Mask 
Half Carry 



Figure 4 Programming Model 
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• REGISTERS 

The CPU has five registers available to the programmer. 
They are shown in Figure 4 and are explained in the following 
paragraphs. 

• Accumulator (A) 

The accumulator is a general purpose 8-bit register used to 
hold operands and results of arithmetic calculations or data 
manipulations. 

• Index Register (X) 

The index register is an 8-bit register used for the indexed 
addressing mode. It contains an 8-bit address that may be added 
to an offset value to create an effective address. The index 
register can also be used for limited calculations and data 
manipulations when using read/modify /write instructions. When 
not required by a code sequence being executed, the index 
register can be used as a temporary storage area. 

• Program Counter (PC) 

The program counter is an 11 -bit register that contains the 
address of the next instruction to be executed. 

• Stack Pointer (SP) 

The stack pointer is an 11 -bit register that contains the 
address of the next free ' location on the stack. Initially, the 
stack pointer is set to location S07F and is decremented as data 
is being pushed onto the stack and incremented as data is being 
pulled from the stack. The six most significant bits of the stack 
pointer are permanently set to 00001 1. During a MCU reset or 
the reset stack pointer (RSP) instruction, the stack pointer is set 
to location S07F. Subroutines and interrupts may be nested 
down to location $061 which allows the programmer to use up 
to 15 levels of subroutine calls. 

• Condition Code Register (CO 

The condition code register is a S-bit register in which each 
bit is used to indicate or flag the results of the instruction just 
executed. These bits can be individually tested by a program 
and specific action taken as a result of their state. Each 
individual condition code register bit is explained in the 
following paragraphs. 



Half Carry (H) 

Used during arithmetic operations (ADD and ADC) to 
indicate that a carry occurred between bits 3 and 4. 
Interrupt (I) 

This bit is set to mask the timer and external interrupt (INT). 
If an interrupt occurs while this bit is set it is latched and will be 
processed as soon as the interrupt bit is reset. 
Negative (N) 

Used to indicate that the result of the last arithmetic, logical 
or data manipulation was negative (bit 7 in result equal to a 
logical one). 
Zero (Z) 

Used to indicate that the result of the last arithmetic, logical 
or data manipulation was zero. 
Carry /Borrow (C) 

Used to indicate that a carry or borrow out of the arithmetic 
logic unit (ALU) occurred during the last arithmetic operation. 
This bit is also affected during bit test and branch instructions, 
shifts, and rotates. 

■ TIMER 

The MCU timer circuitry is shown in Figure 5. The 8-bit 
counter, the Timer Data Register (TDR), is loaded under pro- 
gram control and counts down toward zero as soon as the clock 
input is applied. When the timer reaches zero, the timer inter- 
rupt request bit (bit 7) in the Timer Control Register (TCR) is 
set. the CPU responds to this interrupt by saving the present 
CPU state on the stack, fetching the timer interrupt vector from 
locations S7F8 and S7F9 and executing the interrupt routine. 
The timer interrupt can be masked by setting the timer inter- 
rupt mask bit (bit 6) in the TCR. The interrupt bit (I bit) in the 
Condition Code Register also prevents a time interrupt from 
being processed. 

The clock input to the timer can be from an external source 
applied to the TIMER input pin or it can be the internal fa 
signal. When the <t>i signal is used as the source, it can be gated 
by an input applied to the TIMER input pin allowing the user 



(Internal) 



i i 



O 



Timar 
Input 
Pin 



Manufacturing 
Mask Options 



• I i m Prescaler 

i ■ 5 T^ 

*•- f— « 2° 2' 2' 2 3 2 4 2 s 2 6 2 7 

r|"--|-4»M-t— M--I 



TIR; Timer Interrupt Request 
TIM; Timer Interrupt Mask 
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' TIR TIM 
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Input 
1 ZZ ^» 






JL ♦ 


8-Bit Counter 
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Time 
Out 


7 


6 


NOT USED 






Timer Control Register (TCR) 




1 




t 






i 


\ 


' 



Write 



Read 



Figure 5 Timer Block Diagram 
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to easily perform pulse-width measurements. The TIMER input 
pin must be tied to V cc , for ungated <j>2 clock input to the 
timer prescaler. The source of the clock input is one of the 
options that has to be specified before manufacture of the 
MCU. A prescaler option can be applied to the clock input that 
extends the timing interval up to a maximum of 128 counts 
before decrementing the counter (TDR). The timer continues 
to count past zero, falling through to $FF from zero and then 
continuing the count. Thus, the counter (TDR) can be read at 
any time by monitoring the TDR. This allows a program to 
determine the length of time since a timer interrupt has occur- 
red and not disturb the counting process. 

At power-up or reset, the prescaler and counter are initialized 
with all logical ones; the timer interrupt request bit (bit 7) is 
cleared, and the timer interrupt mask bit (bit 6) is set. 
(NOTE) If the MCU Timer is not used, the TIMER input pin 
must be grounded. 



■ SELF CHECK 

The self-check capability of the MCU provides an internal 
check to determine if the part is functional. Connect the MCU 
as shown in Figure 6 and monitor the output of port C bit 3 for 
an oscillation of approximately 3Hz. 

■ RESETS 

The MCU can be res et thr ee ways; by initial power-up, by 
the external reset input (RES) and by an optional internal low 
voltage inhibit circuit, see Figure 7. All the I/O port are initia- 
lized to input mode (DDRs are cleared) during reset. 

During power-u p, a m inimum of 100 milliseconds is needed 
before allowing the RES input to go "High". 

This time allows the inter nal cr ystal oscillator to stabilize. 
Connecting a capacitor to the RES input, as shown in Figure 8, 
typically provides sufficient delay. 



X 



2.2mF 



28 




RES 



HD6805S1 



(Resistor option) 
B 7 

B 6 

B s 
B„ 

B, 
B 2 
B, 
B„ 



26 



25 



22 



18 



16 



12 



Figure 6 Self Check Connections 



* Refer to Figure 9 about crystal option 




Figure 7 Power Up and RES Timing 



HITACHI 



141 



HD6805S1- 



Part of 

HD6805S1 

MCU 



RES ^j~ 2 .2mF 

II I 



Figure 8 Power Up Reset Delay Circuit 



■ INTERNAL OSCILLATOR OPTIONS 

The internal oscillator circuit is designed to require a mini-, 
mum of external components. A crystal, a resistor, a jumper 
wire, or an external signal may be used to generate a system 
clock with various stability/cost tradeoff. A manufacturing 
mask option is required to select either the crystal oscillator or 
the RC oscillator circuit. The different connection methods are 
shown in Figure 9. Crystal specifications are given in Figure 10. 
A resistor selection graph is given in Figure 1 1 . 



max ,_— 4 



22pF±20% 
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EXTAL 


HD6805S1 
MCU 


4 
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CRYSTAL OPTIONS 



RESISTOR OPTIONS 



Figure 9 Internal Oscillator Options 




AT - Cut Parallel Resonance Crystal 
C = 7 pF max. 
f-4MHz (C,=22pF±20%) 
Rs" 60 ft max. 

Figure 10 Crystal Parameters 



b 




\ 

i 


i 










v C c 


: =5.2 
- 25°C 


5V 


I 

S 3 
















T A 


>■ 
o 

c 

01 

3 

a 






















i. *~ 











































— — — 



5 10 15 20 25 30 35 40 45 50 
Resistance (kft) 
Figure 1 1 Typical Resistor Selection Graph 
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(^ Reset ^) 



1 -*l 

7F -*SP 

0-»DDR's 

CLR INT Logic 

F F -» Timer 

7F -» Prescaler 

7F -. TCR 



Load PC From 
Reset: $7FE. $7FF 





TIMER 



Stack 
PC, X, A, CC 



Load PC From 

SWI:$7FC,$7FD 

TNT:$7FA, $7FB 

TIMER :$7F8,$7F9 



Figure 12 Interrupt Processing Flowchart 




Figure 13 Typical Port I/O Circuitry 
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■ INTERRUPTS 

The CPU can be inte rrupt ed three different ways: through 
the external interrupt (INT) input pin, the internal timer 
interrupt request, and a software interrupt instruction (SWI). 
When any interrupt occurs, processing is suspended, the present 
CPU state is pushed onto the stack, the interrupt bit (I) in the 
Condition Code Register is set, the address of the interrupt 
routine is obtained from the appropriate interrupt vector 
address, and the interrupt routine is executed. The interrupt 
service routines normally end with a return from interrupt 
(RT1) instruction which allows the CPU to resume processing 
of the program prior to the interrupt. Table 1 provides a listing 
of the interrupts, their priority, and the vector address that 
contain-the starting address of the appropriate interrupt routine. 

A flowchart of the interrupt processing sequence is given in 
Figure 12. 



Table 1 Interrupt Priorities 



Interrupt 


Priority 


Vector Address 


RES 
SWI 
INT 
TIMER 


1 
2 
3 
4 


$7FE and $7FF 
$7FC and $7FD 
$7FA and $7FB 
$7F8 and $7F9 



■ INPUT/OUTPUT 

There are 20 input/output pins. All pins are programmable 
as either inputs or outputs under software control of the cor- 
responding Data Direction Register (DDR). When programmed 
as outputs, all I/O pins the latched output data is readable as 
input data, regardless of the logic levels at the output pin due to 
output loading (see Figure 13). When port B is programmed 
for outputs, it is capable of sinking 10mA on each pin (Vql = 
IV max). All input/output lines are TTL compatible as both 
inputs and outputs. Port A is CMOS compatible as outputs, and 
Port B and C are CMOS compatible as inputs. Figure 14 pro- 
vides some examples of port connections. 

■ BIT MANIPULATION 

The MCU has the ability to set or clear any single random 
access rnemory or input/output bit (except the data direction 
registers) with a single instruction (BSET, BCLR). Any bit in 
the page zero read only memory can be tested, using the BRSET 
and BRCLR instructions, and the program branches as a result 
of its state. This capability to work with any bit in RAM, ROM 
or I/O allows the user to have individual flags in RAM or to 
handle single I/O bits as control lines. The example in Figure IS 
illustrates the usefulness of the bit manipulation and test 
instructions. Assume that bit of port A is connected to a zero 
crossing detector circuit and that bit 1 of port A is connected to 
the trigger of a TRIAC which powers the controlled hardware. 

This program, which uses only seven ROM locations, 
provides turn-on of the TRIAC within 14 microseconds of the 
zero crossing. The timer could also be incorporated to provide 
turn-on at some later time which would permit pulse-width 
modulation of the controlled power. 



Port A 



A, 







CMOS 
Load 












* 


"I 


1.6 
mA 


TTL 
Load 



Port 8 



B, 



N* 



1 — "WV- 
R, 



R 



* 



Port A Programmed as output (s), driving CMOS and TTL Load directly, 
(a) 



Port B Programmed as output(s), driving Darlington-base directly, 
(b) 




Port B 



Port B Programmed as output(s), driving LED(s) directly, 
(c) 



Port C 



CMOS Inverter 



Port C Programmed as output (s), driving CMOS loads, using external 
pull-up resistors. (d) 



Figure 14 Typical Port Connections 
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SELF 1 BRCLR0,PORTA,SELF 1 

BSET 1, PORT A 
BCLR 1, PORT A 



Figure 15 Bit Manipulation Example 

■ ADDRESSING MODES 

The CPU has ten addressing modes available for use by the 
programmer. They are explained and illustrated briefly in the 
following paragraphs. 

• Immediate 

Refer to Figure 16. The immediate addressing mode accesses 
constants which do not change during program execution. Such 
instructions are two bytes long. The effective address (EA) is 
the PC and the operand is fetched from the byte following the 
opcode. 

• Direct 

Refer to Figure 17. In direct addressing, the address of the 
operand is contained in the second byte of the instruction. 
Direct addressing allows the user to directly address the lowest 
256 bytes in memory. All RAM space, I/O registers and 128 
bytes of ROM are located in page zero to take advantage of this 
efficient memory addressing mode. 

• Extended 

Refer to Figure 18. Extended addressing is used to reference 
any location in memory space. The EA is the contents of the 
two bytes following the opcode. Extended addressing instruc- 
tions are three bytes long. 

• Relative 

Refer to Figure 19. The relative addressing mode applies only 
to the branch instructions. In this mode the contents of the 
byte following the opcode is added to the program counter 
when the branch is taken. EA=(PC)+2+Rel. Rel is the contents 
of the location following the instruction opcode with bit 7 
being the sign bit. If the branch is not taken Rel=0, when a 
branch takes place, the program goes to somewhere within the 
range of +129 bytes to -127 of the present instruction. These 
instructions are two bytes long. 

• Indexed (No Offset) 

Refer to Figure 20. This mode of addressing accesses the 
lowest 256 bytes of memory. These instructions are one byte 
long and their EA is the contents of the index register. 

• Indexed (8-bit Offset) 

Refer to Figure 21. The EA is calculated by adding the 
contents of the byte following the opcode to the contents of 
the index register. In this mode, 5 1 1 low memory locations are 
accessable. These instructions occupy two bytes. 

• Indexed (16-bit Offset) 

Refer to Figure 22. This addressing mode calculates the EA 
by adding the contents of the two bytes following the opcode 
to the index register. Thus, the entire memory space may be 
accessed. Instructions which use this addressing mode are three 
bytes long. 



• Bit Set/Clear 

Refer to Figure 23. This mode of addressing applies to 
instructions which can set or clear any bit on page zero. The 
lower three bits in the opcode specify the bit to be set or 
cleared while the byte following the opcode specifies the 
address in page zero. 

• Bit Test and Branch 

Refer to Figure 24. This mode of addressing applies to 
instructions which can test any bit in the first 256 locations 
($00-$FF) and branch to any location relative to the PC. The 
byte to be tested is addressed by the byte following the opcode. 
The individual bit within that byte to be tested is addressed by 
the lower three bits of the opcode. The third byte is the relative 
address to be added to the program counter if the branch condi- 
tion is met. These instructions are three bytes long. The value of 
the bit tested is written to the carry bit in the condition code 
register. 

• Implied 

Refer to Figure 25 . The implied mode of addressing has no 
EA. All the information necessary to execute an instruction is 
contained in the opcode. Direct operations on the accumulator 
and the index register are included in this mode of addressing. 
In addition, control instructions such as SWI, RTI belong to this 
group. All implied addressing instructions are one byte long. 

■ INSTRUCTION SET 

The MCU has a set of 59 basic instructions. They can be 
divided into five different types: register/memory, read/modify/ 
write, branch, bit manipulation, and control. The following 
paragraphs briefly explain each type. All the instructions within 
a given type are presented in individual tables. 

• Register/Memory Instructions 

Most of these instructions use two operands. One operand is 
either the accumulator or the index register. The other operand 
is obtained from memory using one of the addressing modes. 
The jump unconditional (JMP) and jump to subroutine (JSR) 
instructions have no register operand. Refer to Table 2. 

• Read/Modity /Write Instructions 

These instructions read a memory location or a register, 
modify or test its contents, and write the modified value back 
to memory or to the register. The test for negative or zero 
(TST) instruction is an exception to the read/modify/write 
instructions since it does not perform the write. Refer to Table 
3. 

• Branch Instructions 

The branch instructions cause a branch from the program 
when a certain condition is met. Refer to Table 4. 

• Bit Manipulation Instructions 

These instructions are used on any bit in the first 256 bytes 
of the memory. One group either sets or clears. The other group 
performs the bit test and branch operations. Refer to Table 5 . 

• Control Instructions 

The control instructions control the MCU operations during 
program execution. Refer to Table 6. 

• Alphabetical Listing 

The complete instruction set is given in alphabetical order in 
Table 7. 

• Opcode Map 

Table 8 is an opcode map for the instructions used on the 
MCU. 
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PROG LDA #$F8 05BE 
05BF 



Memory 



y\. 



F8 



Ind ex Re^ 



Stack Point 



Prog Count 
05C0 



Figure 16 Immediate Addressing Example 



CAT FCB 32 004B 



PROG LDA CAT 052D 
052E 
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Memory 



EA 



./X. 



Figure 17 Direct Addressing Example 

# HITACHI 



20 
Index Reg 



Stack Point 



Prog Count 
052F 
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PROG LDA CAT 0409 
040A 
040B 



CAT FCB 64 06E5 



Memory 



06E5 



./\. 



1 










40 1 


C6 








Index Reg 


06 




E5 
















1 1 




1 1 


i i 
i ■ 




Prog Count 


40 






040C 












CC 






1 







Figure 18 Extended Addressing Example 



PROG BEQ PROG2 04A7 
04A8 



Memory 



18 



04C1 

~T~ 



^V 



Index Reg 



Prog Count 



04C1 



Figure 19 Relative Addressing Example 
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TABL FCC/LI/00B8 



PROG LDA X 05F4 



Memory 



00B8 



^X 





0000 


I 


A 




4C 




4C 






49 






Index Reg 








B8 I 




I 



Stack Point 



Prog Count 



05F5 



Figure 20 Indexed (No Offset) Addressing Example 



TABL FCB #BF 0089 

FCB #86 008A 

FCB #DB 008B 

FCB #CF 008C 



PROG LDA TABL. X 0758 
075C 



Memory 








EA 










008C 


1 


■ 






1 


I 




. 


Adder 


S. 


BF 




/ 


\ 


A 


86 


1 


\ 1 


\ 


OB 










CF 








CF 




Index Reg 












03 








l 




St k 




E6 






1 1 1 


89 






Prog Count 




| 075D j 




< 


:c 






1 




















• 







Figure 21 Indexed (8-Bit Offset) Addressing Example 
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PROG LDA TABL. X 0692 
0693 
0694 



TABL FCB #BF 077E 

FCB #86 077F 

FCB #DB 0780 

FCB #CF 0781 



Memory 



D6 



CF 



0780 



^V 



Figure 22 Indexed (16-Bit Offset) Addressing Example 



-HD6805S1 



< 



DB 



Index Reg 



02 



Stack Point 



Prog Count 



0695 



CC 



PORTB EQU 1 0001 



PROG BCLR 6. PORT B 058F 
0590 



I 

Memory 














EA 










0001 






' - - - i 

1 






I 


I 


I 
0000 




1 1 




Adder 




BF 




t 




/ 


/ 


\ 










Clear 
Bit 
6 




, 


\ 






















1 




Stack 


Index Reg 






1 




I 


10 




Point 


01 




I 1 




I I 






Prog Count 




0591 | 


i 

l 








CC 






I 














• 

1 

1 i 

i i 







Figure 23 Bit Set/Clear Addressing Example 
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Memory 



0002 



PORT C EQU 2 



Adder 



PROG BRCLR 2. PORT C. PROG 2 0574 

0575 
0576 



PROG TAX 05BA 



r 



Memory 



05 



./V 



0000 



Index Reg 



Stack Point 

~~r~ 



Prog Count 



0000 



Adder 



0594 



Figure 24 Bit Test and Branch Addressing Example 



— \ 



Figure 25 Implied Addressing Example 



A 






r-r 


E5 


I 


Index Reg 


L-L 


E5 





Stack Point 



Prog Count 



05BB 
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Table 2 Register/Memory Instructions 





Mnemonic 


Addressing Modes 


Function 


Immediate 


Direct 


Extended 


Indexed 
(No Offset) 


Indexed 
(8-Bit Offset) 


Indexed 
(16-Bit Offset) 




Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Load A from Memory 


LDA 


A6 


2 


2 


B6 


2 


4 


C6 


3 


5 


F6 




4 


E6 


2 


5 


D6 


3 


6 


Load X from Memory 


LDX 


AE 


2 


2 


BE 


2 


4 


CE 


3 


5 


FE 




4 


EE 


2 


5 


DE 


3 


6 


Store A in Memory 


STA 


- 


- 


- 


B7 


2 


5 


C7 


3 


6 


F7 




5 


E7 


2 


6 


D7 


3 


7 


Store X in Memory 


STX 


- 


- 


- 


BF 


2 


5 


CF 


3 


6 


FF 




5 


EF 


2 


6 


DF 


3 


7 


Add Memory to A 


ADO 


AB 


2 


2 


BB 


2 


4 


CB 


3 


5 


FB 




4 


EB 


2 


5 


DB 


3 


6 


Add Memory and 
Carry to A 


ADC 


A9 


2 


2 


B9 


2 


4 


C9 


3 


5 


F9 




4 


E9 


2 


5 


D9 


3 


6 


Subtract Memory 


SUB 


AO 


2 


2 


BO 


2 


4 


CO 


3 


5 


FO 




4 


EO 


2 


5 


DO 


3 


6 


Subtract Memdry from 
A with Borrow 


SBC 


A2 


2 


2 


B2 


2 


4 


C2 


3 


5 


F2 




4 


E2 


2 


5 


D2 


3 


6 


AND Memory to A 


AND 


A4 


2 


2 


B4 


2 


4 


C4 


3 


5 


F4 




4 


E4 


2 


5 


D4 


3 


6 


OR Memory with A 


ORA 


AA 


2 


2 


BA 


2 


4 


CA 


3 


5 


FA 




4 


EA 


2 


5 


DA 


3 


6 


Exclusive OR Memory 
with A 


EOR 


A8 


2 


2 


B8 


2 


4 


C8 


3 


5 


F8 




4 


E8 


2 


5 


08 


3 


6 


Arithmetic Compare A 
with Memory 


CMP 


A1 


2 


2 


B1 


2 


4 


C1 


3 


5 


F1 




4 


E1 


2 


5 


D1 


3 


6 


Arithmetic Compare X 
with Memory 


CPX 


A3 


2 


2 


B3 


2 


4 


C3 


3 


5 


F3 




4 


E3 


2 


5 


03 


3 


6 


Bit Test Memory with A 
(Logical Compare) 


BIT 


A5 


2 


2 


B5 


2 


4 


C5 


3 


5 


F5 




4 


E5 


2 


5 


D5 


3 


6 


Jump Unconditional 


JMP 


- 


- 


- 


BC 


2 


3 


CC 


3 


4 


FC 




3 


EC 


2 


4 


DC 


3 


S 


Jump to Subroutine 


JSR 


- 


- 


- 


BD 


2 


7 


CD 


3 


8 


FD 




7 


ED 


2 


8 


DD 


3 


9 



Table 3 Read/Modify/Write Instructions 





Mnemonic 


Addressing Modes 


Function 


Implied (A) 


Implied (X) 


Direct 


Indexed 
(No Offset) 


Indexed 
(8-Bit Offset) 




Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Increment 


INC 


4C 




4 


5C 


1 


4 


3C 


2 


6 


7C 




6 


6C 


2 




Decrement 


DEC 


4A 




4 


5A 


1 


4 


3A 


2 


6 


7A 




6 


6A 


2 




Clear 


CLR 


4F 




4 


5F 


1 


4 


3F 


2 


6 


7F 




6 


6F 


2 




Complement 


COM 


43 




4 


53 


1 


4 


33 


2 


6 


73 




6 


63 


2 




Negate 

(2's Complement) 


NEG 


40 




4 


50 


1 


4 


30 


2 


6 


70 




6 


60 


2 




Rotate Left Thru Carry 


ROL 


49 




4 


59 


1 


4 


39 


2 


6 


79 




6 


69 


2 




Rotate Right Thru Carry 


ROR 


46 




4 


56 


1 


4 


36 


2 


6 


76 




6 


66 


2 




Logical Shift Left 


LSL 


48 




4 


58 


1 


4 


38 


2 


6 


78 




6 


68 


2 




Logical Shift Right 


LSR 


44 




4 


54 


1 


4 


34 


2 


6 


74 




6 


64 


2 




Arithmetic Shift Right 


ASR 


47 




4 


57 


1 


4 


37 


2 


6 


77 




6 


67 


2 




Arithmetic Shift Left 


ASL 


48 




4 


58 


1 


4 


38 


2 


6 


78 




6 


68 


2 




Test for Negative or 
Zero 


TST 


4D 




4 


5D 


1 


4 


3D 


2 


6 


7D 




6 


6D 


2 
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Table 4 Branch Instructions 





Mnemonic 


Relal 


ive Addressing Mode 


Function 


Op 
Code 


# 
Bytes 


# 
Cycles 


Branch Always 


BRA 


20 


2 


4 


Branch Never 


BRN 


21 


2 


4 


Branch IF Higher 


BHI 


22 


2 


4 


Branch IF Lower or Same 


BLS 


23 


2 


4 


Branch IF Carry Clear 


BCC 


24 


2 


4 


(Branch IF Higher or Same) 


(BHS) 


24 


2 


4 


Branch I F Carry Set 


BCS 


25 


2 


4 


(Branch IF Lower) 


(BLO) 


25 


2 


4 


Branch IF Not Equal 


BNE 


26 


2 


4 


Branch IF Equal 


BEQ 


27 


2 


4 


Branch IF Half Carry Clear 


BHCC 


28 


2 


4 


Branch IF Half Carry Set 


BHCS 


29 


2 


4 


Branch IF Plus 


BPL 


2A 


2 


4 


Branch IF Minus 


BMI 


2B 


2 


4 


Branch IF Interrupt Mask Bit is Clear 


BMC 


2C 


2 


4 


Branch IF Interrupt Mask Bit is Set 


BMS 


2D 


2 


4 


Branch IF Interrupt Line is Low 


BIL 


2E 


2 


4 


Branch IF Interrupt Line is High 


BIH 


2F 


2 


4 


Branch to Subroutine 


BSR 


AD 


2 


8 



Table 5 Bit Manipulation Instructions 





Mnemonic 


Addressing Modes 


Function 


Bit Set/Clear 


Bit Test and Branch 




Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Branch IF Bit n is set 


BRSETn (n=0 . 


...7) 


- 


- 


- 


2-n 


3 


10 


Branch IF Bit n is clear 


BRCLR n (n=0 


....7) 


- 


- 


- 


01+2-n 


3 


10 


Set Bit n 


BSET n (n=0 .... 


.7) 


10+2-n 


2 


7 


- 


- 


- 


Clear bit n 


BCLR n (n=0 


.7) 


11+2-n 


2 


7 


- 


- 


- 



Table 6 Control Instructions 





Mnemonic 


Implied 


Function 


Op 
Code 


# 
Bytes 


# 
Cycles 


Transfer A to X 


TAX 


97 




2 


Transfer X to A 


TXA 


9F 




2 


Set Carry Bit 


SEC 


99 




2 


Clear Carry Bit 


CLC 


98 




2 


Set Interrupt Mask Bit 


SEI 


9B 




2 


Clear Interrupt Mask Bit 


CLI 


9A 




2 


Software Interrupt 


SWI 


83 




11 


Return from Subroutine 


RTS 


81 




6 


Return from Interrupt 


RTI 


80 




9 


Reset Stack Pointer 


RSP 


9C 




2 


No-Operation 


NOP 


9D 




2 
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Addressing Modes 


Condition Code 


Mnemonic 


Implied 


Imme- 
diate 


Direct 


Ex- 
tended 


Re- 
lative 


Indexed 

(No 
Offset) 


Indexed 
(8 Bits) 


Indexed 
(16 Bits) 


Bit 
Set/ 
Clear 


Bit 
Test & 
j Branch 


H 


1 


N 


Z 


C 


ADC 




X 


X 


X 




X 


X 


X 






A 




A 


A 


A 


ADD 




X 


X 


x 




X 


X 


X 






A 




A 


A 


A 


AND 




X 


X 


X 




X 


X 


X 










A 


A 


• 


ASL 


X 




X 






X 


X 




! 


t 




A 


A 


A 


ASR 


X 




X 






X 


X 












A 


A 


A 


BCC 










X 






















BCLR 


















X 














BCS 










X 






















BEQ 










X 






















BHCC 










X 






















BHCS 










X 






















BHI 










X 






















BHS 










X 






















BIH 










X 






















BIL 










X 






















BIT 




X 


X 


X 




X 


X 


X 










A 


A 




BLO 










X 






















BLS 










X 






















BMC 










X 






















BMI 










X 






















BMS 










X 






















BNE 










X 






















BPL 










X 






















BRA 










X 






















BRN 










X 






















BRCLR 




















X 










A 


BRSET 




















X 












BSET 


















X 














BSR 










X 






















CLC 


X 






























CLI 


X 






























CLR 


X 




X 






X 


X 















1 




CMP 




X 


X 


X 




X 


X 


X 










A 


A 


A 


COM 


X 




X 






X 


X 












A 


A 


1 


CPX 




X 


X 


X 




X 


X 


X 










A 


A 


A 


DEC 


X 




X 






X 


X 












A 


A 


• 


EOR 




X 


X 


X 




X 


X 


X 










A 


A 


• 


INC 


X 




X 






X 


X 












A 


A 


• 


JMP 






X 


X 




X 


X 


X 










• 


• 


• 


JSR 






X 


X 




X 


X 


X 










• 


• 


• 


LDA 




X 


X 


X 




X 


X 


X 










A 


A 


• 


LDX 




X 


X 


X 




X 


X 


X 




I 






A 


A I • 



Condition Code Symbols: 
H Half Carry (From Bit 3) 
I Interrupt Mask 
N Negative (Sign Bit) 
Z Zero 



C Carry Borrow 

A Test and Set if True, Cleared Otherwise 

• Not Affected 



(to be continued) 
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Table 7 Instruction Set 





Addressing Modes 


Condition Code 


Mnemonic 


Implied 


Imme- 
diate 


Direct 


Ex- 
tended 


Re- 
lative 


Indexed 

(No 
Offset) 


Indexed 
(8 Bits) 


Indexed 
(16 Bits) 


Bit 
Set/ 
Clear 


Bit 
Test & 
Branch 


H 


1 


N 


Z 


C 


LSL 


x 




X 






X 


X 












A 


A 


A 


LSR 


X 




X 






X 


X 















A 


A 


NEG 


X 




X 






X 


X 












A 


A 


A 


NOP 


X 






























ORA 




X 


X 


X 




X 


X 


X 










A 


A 


• 


ROL 


X 




X 






X 


X 












A 


A 


A 


ROR 


X 




X 






X 


X 












A 


A 


A 


RSP 


X 






























RTI 


X 
























? 


7 


7 


RTS 


X 






























SBC 




X 


X 


X 




X 


X 


X 










A 


A 


A 


SEC 


X 
























• 


• 


1 


SEI 


X 
























• 


• 


• 


STA 






X 


X 




X 


X 


X 










A 


A 


• 


STX 






X 


X 




X 


X 


X 










A 


A 


• 


SUB 




X 


X 


X 




X 


X 


X 










A 


A 


A 


SWI 


X 
























• 


• 


• 


TAX 


X 






























TST 


X 




X 






X 


X 












A 


A 


• 


TXA 


X 































Condition Code Symbols: 
H Half Carry (From Bit 3) 
I Interrupt Mask 
N Negative (Sign Bit) 
Z Zero 



C Carry/Borrow 

A Test and Set if True, Cleared Otherwise 

• Not Affected 

? Load CC Register From Stack 
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Table 8 Opcode Map 





Bit Manipulation 


Branch 


Read/Modify /Write 


Control 


Register/Memory 






Test & 
Branch 


Set/ 
Clear 


Rel 


DIR 


A 


X 


,X1 


,X0 


IMP 


IMP 


IMM 


DIR 


EXT 


,X2 


,X1 


,xo 









1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 


- y 





BRSETO 


BSETO 


BRA 


NEG 


RTI* 


- 


SUB 





1 


BRCLRO 


BCLRO 


BRN 


- 


RTS* 


- 


CMP 


1 


2 


BRSET1 


BSET1 


BHI 


- 


- 


- 


SBC 


2 


3 


BRCLR1 


BCLR1 


BLS 


COM 


SWI* 


- 


CPX 


3 


4 


BRSET2 


BSET2 


BCC 


LSR 


- 


- 


AND 


4 


5 


BRCLR2 


BCLR2 


BCS 


- 


- 


- 


BIT 


5 


6 


BRSET3 


BSET3 


BNE 


ROR 


- 


- 


LDA 


6 


7 


BRCLR3 


BCLR3 


BEQ 


ASR 


- 


TAX 


- | STAI+1) 


7 


8 


BRSET4 


BSET4 


BHCC 


LSL/ASL 


- 


CLC 


EOR 


8 


9 


BRCLR4 


BCLR4 


BHCS 


ROL 


- 


SEC 


ADC 


9 


A 


BRSET5 


BSET5 


BPL 


DEC 


- 


CLI 


ORA 


A 


B 


BRCLR5 


BCLR5 


BMI 


- 


- 


SEI 


ADD 


B 


C 


BRSET6 


BSET6 


BMC 


INC 


_ 


RSP 


_ 


JMP(-I) 


C 


D 


BRCLR6 


BCLR6 


BMS 


TST 


- 


NOP 


BSR* 


JSR(-3) 


D 


E 


BRSET7 


BSET7 


BIL 


_ 


_ 


_ 


LDX 


E 


F 


BRCLR7 


BCLR7 


BIH 


CLR 


- 


TXA 


- 


STXI+1) 


F 




3/10 


2/7 


2/4 


2/6 | 1/4 | 1/4 | 2/7 | 1/6 


1/* 


1/2 


2/2 


2/4 | 3/5 | 3/6 | 2/5 | 1/4 





(NOTE) 1. Undefined opcodes are marked with "— ". 

2. The number at the bottom of each column denote the number of bytes and the number of cycles required (Bytes/Cycles). 
Mnemonics followed by a "•" require a different number of cycles as follows: 



RTI 


9 


RTS 


6 


SWI 


11 


BSR 


8 



3. ( ) indicate that the number in parenthesis must be added to the cycle count for that instruction. 
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HD6805S6 

MCU (Microcomputer Unit) _ 



PRELIMINARY- 



The HD6805S6 is the 8-bit Microcomputer Unit (MCU) 
which contains a CPU, on-chip clock, ROM, RAM, I/O and 
timer. It is designed for the user who needs an economical 
microcomputer with the proven capabilities of the HD 
6800-based instruction set. 

The following are some of the hardware and software 
highlights of the MCU. 

■ HARDWARE FEATURES 

• 8-Bit Architecture 

• 64 Bytes of RAM 

• Memory Mapped I/O 

• 1804 Bytes of User ROM 

• Internal 8-Bit Timer with 7-Bit Prescaler 

• 20 TTL/CMOS Compatible I/O Lines; 
8 Lines LED Compatible 

• On-Chip Clock Circuit 

• Self-Check Mode 

• Master Reset 

• Low Voltage Inhibit 

• Complete Development System Support by Evaluation kit 

• 5 Vdc Single Supply 

• Compatible with MC6805P6 

■ SOFTWARE FEATURES 

• Similar to HD6800 

• Byte Efficient Instruction Set 

• Easy to Program 

• True Bit Manipulation 

• Bit Test and Branch Instructions 

• Versatile Interrupt Handing 

• Powerful Indexed Addressing for Tables 

• Full Set of Conditional Branches 

• Memory Usable as Registers/Flags 

• Single Instruction Memory Examine/Change timer— 

• 10 Powerfu I Addressing Modes 

• All Addressing Modes Apply to ROM, RAM and I/O 

• Compatible with MC6805P6 
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■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc* 


-0.3 ~ +7.0 


V 


Input Voltage (EXCEPT TIMER) 


V- * 

v in 


-0.3 ~ +7.0 


V 


Input Voltage (TIMER) 


-0.3 ~ +12.0 


V 


Operating Temperature 


* opr 


~+70 


°C 


Storage Temperature 


Tstg 


-55~+150 


°C 



• With respect to V S s (SYSTEM GND) 

(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under 
recommended operating conditions. If these conditions are exceeded, it could affect reliability of LSI. 



■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vcc»5.25V ± 0.5V, Vss'GND, Ta=0~+70°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 




RES 


V,H 




4.0 


- 


Vcc 


V 


Input "High" Voltage 


INT 




3.0 


- 


Vcc 


V 




All Other 




2.0 


- 


Vcc 


V 


Input "High" Voltage Timer 


Timer Mode 




2.0 


- 


Vcc 


V 


Self -Check Mode 




9.0 


- 


11.0 


V 




RES 


V,L 




-0.3 


- 


0.8 


V 


Input "Low" Voltage 


INT 




-0.3 


- 


0.8 


V 


EXTAL(Crystal Mode) 




-0.3 


- 


0.6 


V 




All Other 




-0.3 


- 


0.8 


V 


Power Dissipation 


P D 




- 


- 


700 


mW 


Low Voltage Recover 


LVR 




- 


- 


4.75 


V 


Low Voltage Inhibit 


LVI 




- 


4.0 


- 


V 




TIMER 


IlL 


V in =0.4V~V cc 


-20 


- 


20 


MA 


I nput Leak Current, 


INT 


-50 


- 


50 


fiA 




EXTAL(Crystal Mode) 


-1200 


- 





,iA 



• AC CHARACTERISTICS (V C c=5.25V ± 0.5V, Vss^GND, Ta=0 ~ +70° C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Clock Frequency 


fcl 




0.4 


- 


4.0 


MHz 


Cycle Time 


*cyc 




1.0 


- 


10 


Ms 


Oscillation Frequency (External Resistor Mode) 


T EXT 


R CP =15.0kS2±1% 


- 


3.4 


- 


MHz 


Wf Pulse Width 


tlWL 




t c yc 

250 


- 


- 


ns 


"RES Pulse Width 


*RWL 




t c « c 

250 


- 


- 


ns 


TIMER Pulse Width 


l TWL 




tcyc + 

250 


- 


- 


ns 


Oscillation Start-up Time (Crystal Mode) 


*osc 


C L =22pF±20%, 
R s =60£2 max. 


- 


- 


100 


ms 


Delay Time Reset 


tRHL 


External Cap. = 2.2 fiF 


100 


- 


- 


ms 


Input Capacitance 


XTAL 


Cfn 


v in =ov 


- 


- 


35 


pF 


All Other 


- 


- 


10 


pF 
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• PORT ELECTRICAL CHARACTERISTICS 


(V CC = 5.25V ± 0.5V, Vss = GND 


Ta = ~ +70°C , unless otherwise noted.) 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 




Port A 


Voh 


Ioh = -10juA 


3.5 


- 


- 


V 




'OH = -100juA 


2.4 


- 


- 


V 


Output "High" Voltage 


PortB 


Ioh = -200juA 


2.4 


- 


- 


V 




Iqh = -1 CiA 


1.5 


- 


- 


V 




PortC 


Ioh = -100 MA 


2.4 


- 


- 


V 




Port A and C 


Vol 


'ol = 1.6 mA 


- 


- 


0.4 


V 


Output "Low" Voltage 


PortB 


IOL = 3-2mA 


- 


- 


0.4 


V 




Iol = 10 mA 


- 


- 


1.0 


V 


Input "High" Voltage 


Port A, B, C 


VlH 




2.0 


— 


Vcc 


V 


Input "Low" Voltage 


V,L 




-0.3 


- 


0.8 


V 




Port A 


"IL 


V in = 0.8V 


-500 


- 


- 


MA 


Input Leak Current 


Vin = 2V 


-300 


- 


- 


ua 




Port B, C 


Vm = 0.4V ~V CC 


- 20 


- 


20 


ua 



TTL Equiv. (Port B) 



TTL Equiv. (Port A and C) 




Test Point 




lj = 1.6 mA 




^ 


» \M l ' 


Vj 














=30 pF i 


' 24 kn - " 














-I 


r 


-77T 




(NOTE) 1. Load capacitance includes the floating capacitance of the probe and the jig etc. 
2. All diodes are 1S2074 (R) or equivalent. 



Figure 1 Bus Timing Test Loads 



■ SIGNAL DESCRIPTION 

The input and output signals for the MCU, shown in PIN 
ARRANGEMENT, are described in the following paragraphs. 

• Vcc and Vss 

Power is supplied to the MCU using these two pins. Vrjrj is 
+5.25 V ± 0.5 V. Vss is tne ground connection. 

• INT 

This pin provides the capability for asynchronously applying 
an external interrupt to the MCU. Refer to INTERRUPTS for 
additional information. 

• XTAL and EXTAL 

T'iese pins provide connections for the on-chip clock circuit. 
A crystal (AT cut, 4 MHz maximum), a resistor or an external 
signal can be connected to these pins to provide a system clock 
with various stability/cost tradeoffs. Refer to INTERNAL 
OSCILLATOR OPTIONS for recommendations about these 
inputs. 



• TIMER 

This pin allows an external input to be used to decrement 
the internal timer circuitry. Refer to TIMER for additional 
inf orma tion about the timer circuitry. 

• RES 

This pin allows resetting of the MCU at times other than the 
automatic resetting capability already in the MCU. Refer to 
RESETS for additional information. 

• NUM 

This pin is not for user application and should be connected 
to Vss- 

• Input/Output Lines (Ao ~ A7, Bo ~ B7, Co ~ C3 ) 

These 20 lines are arranged into two 8-bit ports (A and B) 
and one 4-bit port (C). All lines are programmable as either 
inputs or outputs under software control of the data direction 
registers. Refer to INPUT/OUTPUT for additional informa- 
tion. 
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■ MEMORY 

The MCU memory is configured as shown in Figure 2. During 
the processing of an interrupt, the contents of the CPU registers 
are pushed onto the stack in the order shown in Figure 3. Since 
the stack pointer decrements during pushes, the low order byte 
(PCL) of the program counter is stacked first; then the high 



order three bits (PCH) are stacked. This ensures that the 
program counter is loaded correctly as the stack pointer 
increments when it pulls data from the stack.- A subroutine call 
will cause only the program counter (PCH, PCL) contents to be 
pushed onto the stack. 



Caution: - Self Test ROM Address Area 

Self test ROM locations can not be used for a user program. 
If the user's program is in this location, it will be removed when 
manufacturing mask for production. 





7 





000 


I/O Ports 
Timer 
RAM 




127 


(128 Bytes) 




128 


Page Zero 
ROM 




255 


(128 Bytes) 




256 


Main 

ROM 

(1668 Bytes) 




1923 






1924 


Self Check 
ROM 




2039 


(11 6 Bytes) 




2040 


Interrupt 

Vectors 

ROM 




2047 


(8 Bytes) 





$07 F 
,$080 



$0FF 
$100 




Port A 



Port B 



1111 



Port C 



Not Used 



Port A DDR 



Port B DDR 



Not Used 



Port C DDR 



Not Used 



Timer Data Reg 



Timer CTRL Reg 



Not Used (54 Bytes) 



RAM (64 Bytes) 
Stack (31 Bytes Maximum) 

t 



$000 

$001 

$002 

$003 

$004* 

$005* 

$006* 

$007 

$008 

$009 

$0QA 



$03 F 
$040 

$07 F 



$7FF 



'Write only registers 



Figure 2 MCU Memory Configuration 



7 6 5 4 3 2 1 Pu || 

n + 1 
n+2 
n+3 
n+4 
n + 5 



n-4 


1 1 1 


Condition 
Code Register 


n-3 


Accumulator 


n-2 


Index Register 


1-1 


11111 


PCH* 


n 


PCL* 



7 

1 * 1 

7 

X 



10 




8 


7 











PCH • PCL 


10 5 4 

















1 


1 


SP 



Push 



H I NlZ CI 



* For subroutine calls, only PCH and PCL are stacked. 
Figure 3 Interrupt Stacking Order 



Accumulator 
Index Register 
Program Counter 
Stack Pointer 

Condition Code Register 

Carry/Borrow 
Zero 
Negative 
Interrupt Mask 
Half Carry 



Figure 4 Programming Model 



& HITACHI 



159 



HD6805S6- 



■ REGISTERS 

The CPU has five registers available to the programmer. 
They are shown in Figure 4 and are explained in the following 
paragraphs. 

• Accumulator (A) 

The accumulator is a general purpose 8-bit register used to 
hold operands and results of arithmetic calculations or data 
manipulations. 

• Index Register (X) 

The index register is an 8-bit register used for the indexed 
addressing mode. It contains an 8-bit address that may be added 
to an offset value to create an effective address. The index 
register can also be used for limited calculations and data 
manipulations when using read/modify /write instructions. When 
not required by a code sequence being executed, the index 
register can be used as a temporary storage area. 

• Program Counter (PC) 

The program counter is an 11 -bit register that contains the 
address of the next instruction to be executed. 

• Stack Pointer (SP) 

The stack pointer is an 11 -bit register that contains the 
address of the next free location on the stack. Initially, the 
stack pointer is set to location $07F and is decremented as data 
is being pushed onto the stack and incremented as data is being 
pulled from the stack. The six most significant bits of the stack 
pointer are permanently set to 000011. During a MCU reset or 
the reset stack pointer (RSP) instruction, the stack pointer is set 
to location $07F. Subroutines and interrupts may be nested 
down to location $061 which allows the programmer to use up 
to 1 5 levels of subroutine calls. 

• Condition Code Register (CO 

The condition code register is a 5-bit register in which each 
bit is used to indicate or flag the results of the instruction just 
executed. These bits can be individually tested by a program 
and specific action taken as a result of their state. Each 
individual condition code register bit is explained in the 
following paragraphs. 



Half Carry (H) 

Used during arithmetic operations (ADD and ADC) to 
indicate that a carry occurred between bits 3 and 4. 
Interrupt (I) 

This bit is set to mask the timer and external interrupt (INT). 
If an interrupt occurs while this bit is set it is latched and will be 
processed as soon as the interrupt bit is reset. 
Negative (N) 

Used to indicate that the result of the last arithmetic, logical 
or data manipulation was negative (bit 7 in result equal to a 
logical one). 
Zero (Z) 

Used to indicate that the result of the last arithmetic, logical 
or data manipulation was zero. 
Carry /Borrow (C) 

Used to indicate that a carry or borrow out of the arithmetic 
logic unit (ALU) occurred during the last arithmetic operation. 
This bit is also affected during bit test and branch instructions, 
shifts, and rotates. 

■ TIMER 

The MCU timer circuitry is shown in Figure 5. The 8-bit 
counter, the Timer Data Register (TDR), is loaded under pro- 
gram control and counts down toward zero as soon as the clock 
input is applied. When the timer reaches zero, the timer inter- 
rupt request bit (bit 7) in the Timer Control Register (TCR), is 
set. The CPU responds to this interrupt by saving the present 
CPU state on the stack, fetching the timer interrupt vector from 
locations $7F8 and S7F9 and executing the interrupt routine. 
The timer interrupt can be maksed by setting the timer inter- 
rupt mask bit (bit 6) in the TCR. The interrupt bit (I bit) in the 
Condition Code Register also prevents a timer interrupt from 
being processed. 

The clock input to the timer can be from an external source 
applied to the TIMER input pin or it can be the internal 02 
signal. When the 02 signal is used as the source, it can be gated 
by an input applied to the TIMER input pin allowing the user 



(Internal) 



rO^ 
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Mask Options 
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| | j rrescaier 
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to easily perform pulse-width measurements. The TIMER input 
pin must be tied to V cc , for ungated 02 clock input to the 
timer prescaler. The source of the clock input is one of the 
options that has to be specified before manufacture of the 
MCU. A prescaler option can be applied to the clock input that 
extends the timing interval up to a maximum of 128 counts 
before decrementing the counter (TDR). The timer continues 
to count past zero, falling through to $FF from zero, and then 
continuing the count. Thus, the counter can be read at any 
time by reading the TDR. This allows a program to determine 
the length of time since a timer interrupt has occurred and 
not disturb the counting process. 

At power-up or reset, the prescaler and counter are initialized 
with all logical ones; the timer interrupt request bit (bit 7) is 
cleared, and the timer interrupt mask bit (bit 6) is set. 
(NOTE) If the MCU Timer is not used, the TIMER input pin 
must be grounded. 



■ SELF CHECK 

The self-check capability of the MCU provides an internal 
check to determine if the part is functional. Connect the MCU 
as shown in Figure 6 and monitor the output of port C bit 3 
for an oscillation of approximately 3Hz. 

■ RESETS 

The MCU can be res et thr ee ways: by initial power-up, by 
the external reset input (RES) and by an optional internal low 
voltage detect circuit, see Figure 7. All the I/O port are initia- 
lized to Input mode (DDR's are cleared) during RESET. 

During power-up, a minimum of 100 milliseconds is needed 
before allowing the RES input to go "High". 

This time allows the inter nal cr ystal oscillator to stabilize. 
Connecting a capacitor to the RES input, as shown in Figure 8, 
typically provides sufficient delay. 
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Figure 6 Self Check Connections 
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Figure 7 Power Up and RES Timing 
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■ INTERNAL OSCILLATOR OPTIONS 

The internal oscillator circuit is designed to require a mini- 
mum of external components. A crystal, a resistor, a jumper 
wire, or an external signal may be used to generate a system 
clock with various stability/cost tradeoff. A manufacturing 
mask option is required to select either the crystal oscillator 
or the RC oscillator circuit. The different connection methods 
are shown in Figure 9. Crystal specifications are given in Figure 
10. A resistor selection graph is given in Figure 11. 



Figure 8 Power Up Reset Delay Circuit 
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Figure 9 Internal Oscillator Options 
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Figure 10 Crystal Parameters 
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Figure 11 Typical Resistor Selection Graph 
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Figure 12 Interrupt Processing Flowchart 
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Figure 13 Typical Port I/O Circuitry 



Data 

Direction 

Register 

Bit 


Output 
Data Bit 


Output 
State 


Input to 
MCU 


1 
1 




1 

X 




1 

3-State 



1 
Pin 



HITACHI 



163 



HD6805S6- 



■ INTERRUPTS 

The CPU can be interrupted three different ways: through 
the external interrupt (INT) input pin, the internal timer 
interrupt request, and a software interrupt instruction (SWI). 
When any interrupt occurs, processing is suspended, the present 
CPU state is pushed onto the stack, the interrupt bit (I) in the 
Condition Code Register is set, the address of the interrupt 
routine is obtained from the appropriate interrupt vector 
address, and the interrupt routine is executed. The interrupt 
service routines normally end with a return from interrupt 
(RTI) instruction which allows the CPU to resume processing 
of the program prior to the interrupt. Table 1 provides a listing 
of the interrupts, their priority, and the vector address that 
contain-the starting address of the appropriate interrupt routine. 

A flowchart of the interrupt processing sequence is given in 
Figure 12. 



Table 1 Interrupt Priorities 



Interrupt 


Priority 


Vector Address 


RES 
SWI 
INT 
TIMER 


1 
2 
3 
4 


$7FE and $7FF 
$7FC and $7FD 
$7FA and $7FB 
$7F8and$7F9 



■ INPUT/OUTPUT 

There are 20 input/output pins. All pins are programmable 
as either inputs or outputs under software control of the cor- 
responding data direction register (DDR). When programmed as 
outputs, the latched output data is readable as input data, 
regardless of the logic levels at the output pin due to output 
loading (see Figure 13). When port B is programmed for out- 
puts, it is capable of sinking 10 mA on each pin (V()L = ^ 
max). All input/output lines are TTL compatible as both inputs 
and outputs. Port A are CMOS compatible as outputs, and 
Port B and C are CMOS compatible as inputs. Figure 14 pro- 
vides some examples of port connections. 

■ BIT MANIPULATION 

The MCU has the ability to set or clear any single random 
access memory or input/output bit (except the data direction 
registers) with a single instruction (BSET, BCLR). Any bit in 
the page zero read only memory can be tested, using the BRSET 
and BRCLR instructions, and the program branches as a result 
of its state. This capability to work with any bit in RAM, ROM 
or I/O allows the user to have individual flags in RAM or to 
handle single I/O bits as control lines. The example in Figure 15 
illustrates the usefulness of the bit manipulation and test 
instructions. Assume that bit of port A is connected to a zero 
crossing detector circuit and that bit 1 of port A is connected to 
the trigger of a TRIAC which powers the controlled hardware. 

This program, which uses only seven ROM locations, 
provides turn-on of the TRIAC within 14 microseconds of the 
zero crossing. The timer could also be incorporated to provide 
turn-on at some later time which would permit pulse-width 
modulation of the controlled power. 



Port A 







CMOS 
Load 








n 


1.6 
mA 


TTL 
Load 



Port A Programmed as output(s), driving CMOS and TTL Load directly, 
(a) 



4f| l C : * n FE" 'b 



I — vw — • — vw 

R, R, 



Port B Programmed as output(s), driving Darlington base directly, 
(b) 



Port B 




-*■ CMOS Inverter 



Port B Programmed as output(s), driving LED(s) directly, 
(c) 



Port C Programmed as output(s), driving CMOS loads, using external 
pull-up resistors. (d) 



Figure 14 Typical Port Connections 
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SELF 1 BRCLRO, PORT A, SELF 1 

BSET 1, PORT A 
BCLR 1, PORT A 



Figure 15 Bit Manipulation Example 

■ ADDRESSING MODES 

The CPU has ten addressing modes available for use by the 
programmer. They are explained and illustrated briefly in the 
following paragraphs. 

• Immediate 

Refer to Figure 16. The immediate addressing mode accesses 
constants which do not change during program execution. Such 
instructions are two bytes long. The effective address (EA) is 
the PC and the operand is fetched from the byte following the 
opcode. 

• Direct 

Refer to Figure 17. In direct addressing, the address of the 
operand is contained in the second byte of the instruction. 
Direct addressing allows the user to directly address the lowest 
256 bytes in memory. All RAM space, I/O registers and 128 
bytes of ROM are located in page zero to take advantage of this 
efficient memory addressing mode. 

• Extended 

Refer to Figure 18. Extended addressing is used to reference 
any location in memory space. The EA is the contents of the 
two bytes following the opcode. Extended addressing instruc- 
tions are three bytes long. 

• Relative 

Refer to Figure 19. The relative addressing mode applies only 
to the branch instructions. In this mode the contents of the 
byte following the opcode is added to the program counter 
when the branch is taken. EA=(PC)+2+Rel. Rel is the contents 
of the location following the instruction opcode with bit 7 
being the sign bit. If the branch is not taken Rel=0, when a 
branch takes place, the program goes to somewhere within the 
range of +129 bytes to -127 of the present instruction. These 
instructions are two bytes long. 

• Indexed (No Offset) 

Refer to Figure 20. This mode of addressing accesses the 
lowest 256 bytes of memory. These instructions are one byte 
long and their EA is the contents of the index register. 

• Indexed (8-bit Offset) 

Refer to Figure 21. The EA is calculated by adding the 
contents of the byte following the opcode to the contents of 
the index register. In this mode, 5 1 1 low memory locations are 
accessable. These instructions occupy two bytes. 

• Indexed (16-bit Offset) 

Refer to Figure 22. This addressing mode calculates the EA 
by adding the contents of the two bytes following the opcode 
to the index register. Thus, the entire memory space may be 
accessed. Instructions which use this addressing mode are three 
bytes long. 



• Bit Set/Clear 

Refer to Figure 23. This mode of addressing applies to 
instructions which can set or clear any bit on page zero. The 
lower three bits in the opcode specify the bit to be set or 
cleared while the byte following the opcode specifies the 
address in page zero. 

• Bit Test and Branch 

Refer to Figure 24. This mode of addressing applies to 
instructions which can test any bit in the first 256 locations 
($00-$FF) and branch to any location relative to the PC. The 
byte to be tested is addressed by the byte following the opcode. 
The individual bit within that byte to be tested is addressed by 
the lower three bits of the opcode. The third byte is the relative 
address to be added to the program counter if the branch condi- 
tion is met. These instructions are three bytes long. The value of 
the bit tested is written to the carry bit in the condition code 
register. 

• Implied 

Refer to Figure 25. The implied mode of addressing has no 
EA. All the information necessary to execute an instruction is 
contained in the opcode. Direct operations on the accumulator 
and the index register are included in this mode of addressing. 
In addition, control instructions such as SWI, RTI belong to this 
group. All implied addressing instructions are one byte long. 

■ INSTRUCTION SET 

The MCU has a set of 59 basic instructions. They can be 
divided into five different types: register/memory, read/modify/ 
write, branch, bit manipulation, and control. The following 
paragraphs briefly explain each type. All the instructions within 
a given type are presented in individual tables. 

• Register/Memory Instructions 

Most of these instructions use two operands. One operand is 
either the accumulator or the index register. The other operand 
is obtained from memory using one of the addressing modes. 
The jump unconditional (JMP) and jump to subroutine (JSR) 
instructions have no register operand. Refer to Table 2. 

• Read/Modify /Write Instructions 

These instructions read a memory location or a register, 
modify or test its contents, and write the modified value back 
to memory or to the register. The test for negative or zero 
(TST) instruction is an exception to the read/modify/write 
instructions since it does not perform the write. Refer to Table 
3. 

• Branch Instructions 

The branch instructions cause a branch from the program 
when a certain condition is met. Refer to Table 4. 

• Bit Manipulation Instructions 

These instructions are used on any bit in the first 256 bytes 
of the memory. One group either sets or clears. The other group 
performs the bit test and branch operations. Refer to Table 5. 

• Control Instructions 

The control instructions control the MCU operations during 
program execution. Refer to Table 6. 

• Alphabetical Listing 

The complete instruction set is given in alphabetical order in 
Table 7. 

• Opcode Map 

Table 8 is an opcode map for the instructions used on the 
MCU. 
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PROG LDA #$F8 05BE 
05BF 



Memory 



A6 



F8 



EA 



./V 



F8 



Ind ex Reg 



Stack Point 



Prog Count 
05C0 



Figure 16 Immediate Addressing Example 



CAT FCB 32 004B 



PROG LDA CAT 052D 
052E 
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Memory 



./x 



T 

0000 



Figure 17 Direct Addressing Example 
# HITACHI 



20 
Index Reg 



Stack Point 



Prog Count 
052F 
CC 



PROG LDA CAT 0409 
040A 
040B 



CAT FCB 64 06E5 



Memory 



06E5 



./\. 



0000 



Figure 18 Extended Addressing Example 
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1 J 


1 








40 1 


C6 








1 


Stack 


Index Reg 


06 




E5 


... 






J 


Point 






1 




1 


i 
1 




Prog Count 


40 




040C 












CC 











PROG BEQ PROG2 04A7 
04A8 



Memory 



18 



^\. 



Figure 19 Relative Addressing Example 
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Index Reg 



Stack Point 



Prog Count 



04C1 
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TABL FCC/LI/00B8 



PROG LDA X 05F4 



Memory 





0000 


\ 


A 




4C 




4C 






49 




Index Reg 






B8 





Prog Count 



05F5 



TABL FCB #BF 0089 

FCB #86 008A 

FCB #DB 008B 

FCB #CF 008C 



PROG LDA TABL. X075B 
075C 



Figure 20 Indexed (No Offset) Addressing Example 



Memory 



008C 





/, 


Adder N. 


BF 


/\ X 




86 


) 


I 1 


\ 


A 


DB 








CF 








CF 




Index Reg 








1 








03 
















E6 








1 1 


89 


1 1 




Prog Count 






075D | 






CC 



Figure 21 Indexed (8-Bit Offset) Addressing Example 
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PROG LDA TABL. X 0692 
0693 
0694 



TABL FCB #BF 077E 

FCB #86 077F 

FCB #DB 0780 

FCB #CF 0781 



Memory 



86 



0780 

"X" 



^V 



Figure 22 Indexed (16-Bit Offset) Addressing Example 
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Index Reg 



02 



Stack Point 



Prog Count 



0695 





Memory 














EA 










0001 J 










I 


\ 








1 




Adder 


I 
0000 




PORT B EQU 1 0001 


BF 




t 




/ 


/ 


\ 












Clear 
Bit 
6 




I 


\ 












Stack 






| 








1 




Index Reg 














I 


PROG BCLR 6. PORT B 058F 


1D 




Point 


0590 


01 


I 


I I 






I I 








Prog Count 






I 


0591 












CC 










I 
























: 

i i 







Figure 23 Bit Set/Clear Addressing Example 
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PORT C EQU 2 



PROG BRCLR 2. PORT C. PROG 2 0574 

0575 
0576 



Memory 



F0 



02 



ID 



0002 



I-^-f 



Adder 



Index Reg 



Stack Point 



Prog Count 
I 0594 

1 



Figure 24 Bit Test and Branch Addressing Example 



cc 



■=4 



PROG TAX 05BA 
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Memory 



./\. 



Figure 25 Implied Addressing Example 
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L-C 



E5 
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05BB 
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Table 2 Register/Memory Instructions 





Mnemonic 


Addressing Modes 


Function 


Immediate 


Direct 


Extended 


Indexed 
(No Offset) 


Indexed 
(8-Bit Offset) 


Indexed 
(16-Bit Offset) 




Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Load A from Memory 


LDA 


A6 


2 


2 


B6 


2 


4 


C6 


3 


5 


F6 




4 


E6 


2 


5 


D6 


3 


6 


Load X from Memory 


LDX 


AE 


2 


2 


BE 


2 


4 


CE 


3 


5 


FE 




4 


EE 


2 


5 


DE 


3 


6 


Store A in Memory 


STA 


- 


- 


- 


B7 


2 


5 


C7 


3 


6 


F7 




5 


E7 


2 


6 


D7 


3 


7 


Store X in Memory 


STX 


- 


- 


- 


BF 


2 


5 


CF 


3 


6 


FF 




5 


EF 


2 


6 


DF 


3 


7 


Add Memory to A 


ADD 


AB 


2 


2 


BB 


2 


4 


CB 


3 


5 


FB 




4 


EB 


2 


5 


DB 


3 


6 


Add Memory and 
Carry to A 


ADC 


A9 


2 


2 


B9 


2 


4 


C9 


3 


5 


F9 




4 


E9 


2 


5 


D9 


3 


6 


Subtract Memory 


SUB 


AO 


2 


2 


BO 


2 


4 


CO 


3 


5 


FO 




4 


EO 


2 


5 


DO 


3 


6 


Subtract Memory from 
A with Borrow 


SBC 


A2 


2 


2 


B2 


2 


4 


C2 


3 


5 


F2 




4 


E2 


2 


5 


D2 


3 


6 


AND Memory to A 


AND 


A4 


2 


2 


B4 


2 


4 


C4 


3 


5 


F4 




4 


E4 


2 


5 


D4 


3 


6 


OR Memory with A 


ORA 


AA 


2 


2 


BA 


2 


4 


CA 


3 


5 


FA 




4 


EA 


2 


5 


DA 


3 


6 


Exclusive OR Memory 
with A 


EOR 


A8 


2 


2 


B8 


2 


4 


C8 


3 


5 


F8 




4 


E8 


2 


5 


D8 


3 


6 


Arithmetic Compare A 
with Memory 


"CMP 


A1 


2 


2 


B1 


2 


4 


CI 


3 


5 


F1 




4 


E1 


2 


5 


D1 


3 


6 


Arithmetic Compare X 
with Memory 


CPX 


A3 


2 


2 


B3 


2 


4 


C3 


3 


5 


F3 




4 


E3 


2 


5 


D3 


3 


6 


Bit Test Memory with A 
(Logical Compare) 


BIT 


A5 


2 


2 


B5 


2 


4 


C5 


3 


5 


F5 




4 


E5 


2 


5 


D5 


3 


6 


Jump Unconditional 


JMP 


- 


- 


- 


BC 


2 


3 


CC 


3 


4 


FC 




3 


EC 


2 


4 


DC 


3 


5 


Jump to Subroutine 


JSR 


- 


- 


- 


,BD 


2 


7 


CD 


3 


8 


FD 




7 


ED 


2 


8 


DD 


3 


9 



Table 3 Read/Modify /Write Instructions 





Mnemonic 


Addressing Modes 


Function 


Implied (A) 


Implied (X) 


Direct 


Indexed 
(No Offset) 


Indexed 
(8-Bit Offset) 




Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Increment 


INC 


4C 




4 


5C 


1 


4 


3C 


2 


6 


7C 




6 


6C 


2 


7 


Decrement 


DEC 


4A 




4 


5A 


1 


4 


3A 


2 


6 


7A 




6 


6A 


2 


7 


Clear 


CLR 


4F 




4 


5F 


1 


4 


3F 


2 


6 


7F 




6 


6F 


2 


7 


Complement 


COM 


43 




4 


53 


1 


4 


33 


2 


6 


73 




6 


63 


2 


7 


Negate 

(2's Complement) 


NEG 


40 




4 


50 


1 


4 


30 


2 


6 


70 




6 


60 


2 


7 


Rotate Left Thru Carry 


ROL 


49 




4 


59 


1 


4 


39 


2 


6 


79 




6 


69 


2 


7 


Rotate Right Thru Carry 


ROR 


46 




4 


56 


1 


4 


36 


2 


6 


76 




6 


66 


2 


7 


Logical Shift Left 


LSL 


48 




4 


58 


1 


4 


38 


2 


6 


78 




6 


68 


2 


7 


Logical Shift Right 


LSR 


44 




4 


54 


1 


4 


34 


2 


6 


74 




6 


64 


2 


7 


Arithmetic Shift Right 


ASR 


47 




4 


57 


1 


4 


37 


2 


6 


77 




6 


67 


2 


7 


Arithmetic Shift Left 


ASL 


48 




4 


58 


1 


4 


38 


2 


6 


78 




6 


68 


2 


7 


Test for Negative or 
Zero 


TST 


4D 




4 


5D 


1 


4 


3D 


2 


6 


7D 




6 


6D 


2 


7 



Sr HITACHI 



171 



HD6805S6- 



Table 4 Branch Instructions 





Mnemonic 


Relative Addressing Mode 


Function 


Op 
Code 


# 
Bytes 


# 
Cycles 


Branch Always 


BRA 


20 


2 


4 


Branch Never 


BRN 


21 


2 


4 


Branch IF Higher 


BHI 


22 


2 


4 


Branch IF Lower or Same 


BLS 


23 


2 


4 


Branch 1 F Carry Clear 


BCC 


24 


2 


4 


(Branch IF Higher or Same) 


(BHS) 


24 


2 


4 


Branch IF Carry Set 


BCS 


25 


2 


4 


(Branch IF Lower) 


(BLO) 


25 


2 


4 


Branch IF Not Equal 


BNE 


26 


2 


4 


Branch IF Equal 


BEQ 


27 


2 


4 


Branch IF Half Carry Clear 


BHCC 


28 


2 


4 


Branch IF Half Carry Set 


BHCS 


29 


2 


4 


Branch IF Plus 


BPL 


2A 


2 


4 


Branch IF Minus 


BMI 


2B 


2 


4 


Branch IF Interrupt Mask Bit is Clear 


BMC 


2C 


2 


4 


Branch IF Interrupt Mask Bit is Set 


BMS 


2D 


2 


4 


Branch IF Interrupt Line is Low 


BIL 


2E 


2 


4 


Branch IF Interrupt Line is High 


BIH 


2F 


2 


4 


Branch to Subroutine 


BSR 


AD 


2 


8 



Table 5 Bit Manipulation Instructions 





Mnemonic 


Addressing Modes 


Function 


Bit Set/Clear 


Bit Test and Branch 




Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Branch IF Bit n is set 


BRSETn (n=0 . 


...7) 


- 


- 


- 


2-n 


3 


10 


Branch IF Bit n is clear 


BRCLR n (n=0 


....7) 


- 


- 


- 


01+2-n 


3 


10 


Set Bit n 


BSET n (n=0 .... 


.7) 


10+2'n 


2 


7 


- 


- 


- 


Clear bit n 


BCLR n (n=0 


.7) 


11+2-n 


2 


7 


- 


- 


- 



Table 6 Control Instructions 





Mnemonic 


Implied 


Function 


Op 
Code 


# 
Bytes 


# 
Cycles 


Transfer A to X 


TAX 


97 




2 


Transfer X to A 


TXA 


9F 




2 


Set Carry Bit 


SEC 


99 




2 


Clear Carry Bit 


CLC 


98 




2 


Set Interrupt Mask Bit 


SEI 


9B 




2 


Clear Interrupt Mask Bit 


CLI 


9A 




2 


Software Interrupt 


SWI 


83 




11 


Return from Subroutine 


RTS 


81 




6 


Return from Interrupt 


RTI 


80 




9 


Reset Stack Pointer 


RSP 


9C 




2 


No-Operation 


NOP 


9D 




2 
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Table 7 Instruction Set 





Addressing Modes 


Condition Code 


Mnemonic 


Implied 


Imme- 
diate 


Direct 


Ex- 
tended 


Re- 
lative 


Indexed 

(No 
Offset) 


Indexed 
(8 Bits) 


Indexed 
(16 Bits) 


Bit 
Set/ 
Clear 


Bit 
Test & 
Branch 


H 


1 


N 


Z 


C 


ADC 




X 


X 


X 




X 


X 


X 






A 




A 


A 


A 


ADD 




X 


X 


X 




X 


X 


X 






A 




A 


A 


A 


AND 




X 


X 


X 




X 


X 


X 










A 


A 


• 


ASL 


x 




X 






X 


X 












A 


A 


A 


ASR 


x 




X 






X 


X 












A 


A 


A 


BCC 










X 






















BCLR 


















X 














BCS 










X 






















BEQ 










X 






















BHCC 










X 






















BHCS 










X 






















BHI 










X 






















BHS 










X 






















BIH 










X 






















BIL 










X 






















BIT 




X 


X 


X 




X 


X 


X 










A 


A 




BLO 










X 






















BLS 










X 






















BMC 










X 






















BMI 










X 






















BMS 










X 






















BNE 










X 






















BPL 










X 






















BRA 










X 






















BRN 










X 






















BRCLR 




















X 










A 


BRSET 




















X 










A 


BSET 


















X 














BSR 










X 






















CLC 


x 






























CLI 


x 






























CLR 


X 




X 






X 


X 















1 




CMP 




X 


X 


X 




X 


X 


X 










A 


A 


A 


COM 


X 




X 






X 


X 












A 


A 


1 


CPX 




X 


X 


X 




X 


X 


X 










A 


A 


A 


DEC 


X 




X 






X 


X 












A 


A 


• 


EOR 




X 


X 


X 




X 


X 


X 










A 


A 


• 


INC 


X 




X 






X 


X 












A 


A 


• 


JMP 






X 


X 




X 


X 


X 










• 


• 


• 


JSR 






X 


X 




X 


X 


X 










• 


• 


• 


LDA 




X 


X 


X 




X 


X 


X 










A 


A 


• 


LDX 




X 


X 


X 




X 


X 


X 






_* 




A 


A 


• 



Condition Code Symbols: 
H Half Carry (From Bit 3) 
I Interrupt Mask 
N Negative (Sign Bit) 
Z Zero 



C Carry Borrow 

A Test and Set if True, Cleared Otherwise 

• Not Affected 



(to be continued) 
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Table 7 Instruction Set 





Addressing Modes 


Condition Code 


Mnemonic 


Implied 


Imme- 
diate 


Direct 


Ex- 
tended 


Re- 
lative 


Indexed 

(No 
Offset) 


Indexed 
(8 Bits) 


Indexed 
(16 Bits) 


Bit 
Set/ 
Clear 


Bit 
Test & 
Branch 


H 


1 


N 


Z 


C 


LSL 


X 




X 






X 


X 












A 


A 


A 


LSR 


X 




X 






X 


X 















A 


A 


NEG 


X 




X 






X 


X 












A 


A 


A 


NOP 


X 






























ORA 




X 


X 


X 




X 


X 


X 










A 


A 


• 


ROL 


X 




X 






X 


X 












A 


A 


A 


ROR 


X 




X 






X 


X 












A 


A 


A 


RSP 


X 






























RTI 


X 
























7 


? 


7 


RTS 


X 






























SBC 




X 


X 


X 




X 


X 


X 










A 


A 


A 


SEC 


X 
























• 


• 


1 


SEI 


X 
























• 


• 


• 


STA 






X 


X 




X 


X 


X 










A 


A 


• 


STX 






X 


X 




X 


X 


X 










A 


A 


• 


SUB 




X 


X 


X 




X 


X 


X 










A 


A 


A 


SWI 


X 
























• 


• 


• 


TAX 


X 






























TST 


X 




X 






X 


X 












A 


A 


• 


TXA 


X 































Condition Code Symbols: 
H Half Carry (From Bit 3) 
I Interrupt Mask 
N Negative (Sign Bit) 
Z Zero 



C Carry/Borrow 

A Test and Set if True, Cleared Otherwise 

• Not Affected 

? Load CC Register From Stack 
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Table 8 Opcode Map 





Bit Manipulation 


Branch 


Read/Modify /Write 


Control 


Register/Memory 






Test & 
Branch 


Set/ 
Clear 


Rel 


DIR 


A 


X 


,X1 


,X0 


IMP 


IMP 


IMM 


DIR 


EXT 


,X2 


*1 


,xo 









1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 


-HIGH 





BRSETO 


BSETO 


BRA 


NEG 


RTI* 


_ 


SUB 





1 


BRCLRO 


BCLRO 


BRN 


- 


RTS* 


- 


CMP 


1 


2 


BRSET1 


BSET1 


BHI 


- 


- 


- 


SBC 


2 


3 


BRCLR1 


BCLR1 


BLS 


COM 


SWI* 


- 


CPX 


3 L 


4 


BRSET2 


BSET2 


BCC 


LSR 


- 


- 


AND 


4 


5 


BRCLR2 


BCLR2 


BCS 


- 


- 


- 


BIT 


5 W 


6 


BRSET3 


BSET3 


BNE 


ROR 


- 


- 


LDA 


6 


7 


BRCLR3 


BCLR3 


BEQ 


ASR 


- 


TAX 


- | STA(+1) 


7 


8 


BRSET4 


BSET4 


BHCC 


LSL/ASL 


- 


CLC 


EOR 


8 


9 


BRCLR4 


BCLR4 


BHCS 


ROL 


- 


SEC 


ADC 


9 


A 


BRSET5 


BSET5 


BPL 


DEC 


- 


CLI 


ORA 


A 


B 


BRCLR5 


BCLR5 


BMI 


- 


- 


SEI 


ADD 


B 


C 


BRSET6 


BSET6 


BMC 


INC 


- 


RSP 


- 


JMP(-I) 


C 


D 


BRCLR6 


BCLR6 


BMS 


TST 


- 


NOP 


BSR* 


JSR(-3) 


D 


E 


BRSET7 


BSET7 


BIL 


_ 


_ 


_ 


LDX 


E 


F 


BRCLR7 


BCLR7 


BIH 


CLR 


- 


TXA 


- 


STXI+1) 


F 




3/10 


2/7 


2/4 


2/6 | 1/4 | 1/4 1 2/7 |~1/6 


1/* 


1/2 


2/2 


2/4 | 3/5 | 3/6 | 2/5 | 1/4 





(NOTE) 1 . Undefined opcodes are marked with "— ". 

2. The number at the bottom of each column denote the number of bytes and the number of cycles required (Bytes/Cycles). 
Mnemonics followed by a "*" require a different number of cycles as follows: 

RTI 9 

RTS 6 

SWI 11 

BSR 8 

3. ( ) indicate that the number in parenthesis must be added to the cycle count for that instruction. 
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MCU (Microcomputer Unit) 

The HD6805U1 is the 8-bit Microcomputer Unit (MCU) 
which contains a CPU, on-chip clock, ROM, RAM, I/O and 
timer. It is designed for the user who needs an economical 
microcomputer with the proven capabilities of the HD6800- 
based instruction set. 

The following are some of the hardware and software high- 
lights of the MCU. 

HARDWARE FEATURES 

8-Bit Architecture 

96 Bytes of RAM 

Memory Mapped I/O 

2056 Bytes of User ROM 

Internal 8-Bit Timer with 7-Bit Prescaler 

Vectored Interrupts — External and Timer 

24 I/O Ports + 8 Input Port 

(8 Lines LED Compatible, 7 Bits Comparator Inputs) , 

On-Chip Clock Circuit 

Self-Check Mode 

Master Reset 

Low Voltage Inhibit 

Complete Development System Support by Evaluation Kit 

5 Vdc Single Supply 

SOFTWARE FEATURES 

Similar to HD6800 

Byte Efficient Instruction Set 

Easy to Program 

True Bit Manipulation 

Bit Test and Branch Instructions 

Versatile Interrupt Handing 

Powerful Indexed Addressing for Tables 

Full Set of Conditional Branches 

Memory Usable as Registers/Flags 

Single Instruction Memory Examine/Change 

10 Powerful Addressing Modes 

All Addressing Modes Apply to ROM, RAM and I/O 

Compatible Instruction Set with MC6805P2 

■ BLOCK DIAGRAM 
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■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc* 


-0.3 ~ +7.0 


V 


Input Voltage (EXCEPT TIMER) 


Vin * 


-0.3 ~ +7.0 


V 


Input Voltage (TIMER) 


-0.3 ~ +12.0 


V 


Operating Temperature 


' opr 


~+70 


°C 


Storage Temperature 


T « fl 


-55- +150 


°C 



* With respect to V S s (SYSTEM GND) 

(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under 
recommended operating conditions. If these conditions are exceeded, it could affect reliability of LSI. 



ELECTRICAL CHARACTERISTICS 

DC CHARACTERISTICS (V C c»5.25V ± 0.5V, Vss-GND, Ta*=0~+70°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 




RES 


V,H 




4.0 


- 


Vcc 


V 


Input "High" Voltage 


INT 




3.0 


- 


Vcc 


V 




All Other 




2.0 


- 


Vcc 


V 


Input "High" Voltage Timer 


Timer Mode 




2.0 


- 


V C c 


V 


Self -Check Mode 




9.0 


- 


11.0 


V 




RES 


V,L 




-0.3 


- 


0.8 


V 


Input "Low" Voltage 


INT 




-0.3 


- 


0.8 


V 


EXTAL(Crystal Mode) 




-0.3 


- 


0.6 


V 




All Other 




-0.3 


- 


0.8 


V 


Power Dissipation 


Pd 




- 


- 


700 


mW 


Low Voltage Recover 


LVR 




- 


- 


4.75 


V 


Low Voltage Inhibit 


LVI 




- 


4.0 


- 


V 




TIMER 


IlL 


V in =0.4V~V cc 


-20 


- 


20 


MA 


Input Leak Current 


INT 


-50 


- 


50 


ma 




EXTAL(Crystal Mode) 


-1200 


- 





ma 



• AC CHARACTERISTICS (V C c=5.25V ± 0.5V, Vss=GND, Ta=0~ +70° C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Clock Frequency 


'cl 




0.4 


- 


4.0 


MHz 


Cycle Time 


tcyc 




1.0 


- 


10 


Ms 


Oscillation Frequency (External Resistor Mode) 


f EXT 


R CP =15.0k£2±1% 


- 


3.4 


- 


MHz 


TNT Pulse Width 


*IWL 




tcyc 
250 


- 


- 


ns 


RES Pulse Width 


tRWL 




t C yc + 

250 


- 


- 


ns 


TIMER Pulse Width 


*TWL 




t C yc + 

250 


- 


- 


ns 


Oscillation Start-up Time (Crystal Mode) 


tosc 


C L =22pF+20%, 
R s =60fi max. 


- 


- 


100 


ms 


Delay Time Reset 


'rhl 


External Cap. = 2.2 mF 


100 


- 


- 


ms 


i r L XTAL 


C in 


V in =0V 


- 


- 


35 


PF 


! AllOther 


- 


- 


10 


pF 
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• PORT ELECTRICAL CHARACTERISTICS (V cc = 5.25V ± 0.5V, Vss = GND, Ta = 0~+70°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 




Port A 


V H 


Ioh = -10juA 


3.5 


- 


- 


V 




Ioh = -100/liA 


2.4 


- 


- 


V 


Output "High" Voltage 


PortB 


Ioh = -200/iA 


2.4 


- 


- 


V 




'OH = -1 rnA 


1.5 


- 


- 


V 




PortC 


l H = -100mA 


2.4 


- 


- 


V 




Port A and C 


Vol 


>OL = 1.6 mA 


- 


- 


0.4 


V 


•Output "Low" Voltage 


PortB 


l L = 3.2 mA 


- 


- 


0.4 


V 




Iol = 10 mA 


- 


- 


1.0 


V 


Input "High" Voltage 


Port A, B, C, 
andD* 


VlH 




2.0 


- 


Vcc 


V 


Input "Low" Voltage 


V|L 




-0.3 


- 


0.8 


V 




Port A 


IlL 


V in = 0.8V 


-500 


- 


- 


MA 


Input Leak Current 


V in = 2V 


-300 


- 


- 


HA 




Port B, C, 
and D 


V in = 0.4V ~V CC 


- 20 


- 


20 


JuA 


Input "High" Voltage 


Port D # * 
(D ~D 6 ) 


V| H 




- 


Vth +0.2 


— 


V 


Input "Low" Voltage 


Port D** 
(D ~D 6 ) 


V,L 




- 


Vth-0.2 


— 


V 


Threshold Voltage 


PortD**(D 7 ) 


Vth 







— 


0.8xV cc 


V 



* Port D as digital input 
'* Port D as analog input 



TTL Equiv. (Port B) 



TTLEquiv. (Port A and C) 



v cc 



Test Point 
O 



lj= 3.2 mA 



=F40pF >12kn 



-w — " 



1.2kft 



Test Point 




li = 1.6 mA 










Vi 














- 30 pF < 


> 24 kn " 

! 


I 
I 
f 




4 










r 


~i 


r 



(NOTE) 1- Load capacitance includes the floating capacitance of the probe and the jig etc. 
2. All diodes are 1S2074© or equivalent. 

Figure 1 Bus Timing Test Loads 



■ SIGNAL DESCRIPTION 

The input and output signals for the MCU, shown in PIN 
ARRANGEMENT, are described in the following paragraphs. 

• VccandVgs 

Power is supplied to the MCU using these two pins. V cc 
is +5 .25V ±0.5V. V ss is the ground connection. 

• INT 

This pin provides the capability for asynchronously applying 
an external interrupt to the MCU. Refer to INTERRUPTS for 
additional information. 

• XTALandEXTAL 

These pins provide connections for the on-chip clock circuit. 
A crystal (AT cut, 4 MHz maximum), a resistor or an external 
signal can be connected to these pins to provide a system clock 
with various stability/cost tradeoffs. Refer to INTERNAL OS- 



CILLATOR OPTIONS for recommendations about these inputs. 

• TIMER 

This pin allows an external input to be used to decrement 
the internal timer circuitry. Refer to TIMER for additional 
information about the timer circuitry. 

• RES 

This pin allows resetting of the MCU at times other than 
the automatic resetting capability already in the MCU. Refer 
to RESETS for additional information. 

• NUM 

This pin is not for user application and should be connected 
to V ss . 
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• Input/Output Lines (Aq ~ A 7 , B ~ B 7 , C ~ C 7 ) 

These 24 lines are arranged into three 8 -bit ports (A, B and 
C). All lines are programmable as either inputs or outputs under 

software control of the Data Direction Register (DDR). Refer to 
INPUT/OUTPUT for additional information. 

• Input Lines (D ~ D 7 ) 

These are 8-bit input lines, which has two functions. Firstly, 
these are TTL compatible inputs, in location $003. The other 
function is 7 bits comparator, in location $007. Refer to INPUT 
for more detail. 



000 


I/O Ports Timer 
RAM (128Bytesl 


$000 


127 




S07F 


128 


ROM 
(128 Bytes) 


T 


255 




$0FF 


256 


Not Used 


$100 


2047 




$7FF 


2048 




$800 



3967 
3968 
4087 
4088 



ROM 
(1920 Bytes) 



Interrupt Vectors 




■ MEMORY 

The MCU memory is configured as shown in Figure 2. During 
the processing of an interrupt, the contents of the CPU regi- 
sters are pushed onto the stack in the order shown in Figure 3. 
Since the stack pointer decrements during pushes, the low order 
byte (PCL) of the program counter is stacked first; then the 
high order four bits (PCH) are stacked. This ensures that the 
program counter is loaded correctly as the stack pointer in- 
crements when it pulls data from the stack. A subroutine call 
will cause only the program counter (PCH, PCL) contents to 
be pushed onto the stack. 



$F7F 
$F80 
$FF7 
$FF8 

$FFF 



Caution: - Self Test ROM Address Area 

Self test ROM locations can not be used for a user program. 
If the user's program is in this location, it will be removed when 
manufacturing mask for production. 



Port A 


$000 


Port B 


$001 


Port C 


$002 


Port D (digital 1 


$003* 


Port A DOR 


$004' 


Port B DDR 


$005" 


Port C DDR 


$006 


Port D (analog) 


$007- 


Timer Data Reg. 


$008 


Timer CTRL Reg. 


$009 


Not Used 122 Bytes) 


$00A 
$01 F 


RAM (96 Bytes) 

Stack 

t 


$020 
$07F 



* Write only registers 
** Read only register 



Figure 2 MCU Memory Configuration 



7 6 5 4 3 2 1 p uM 

n + 1 
n+2 
n + 3 
n+4 
n + 5 

For subroutine calls, only PCH and PCL are stacked. 
Figure 3 Interrupt Stacking Order 



n-4 


1 1 1 


Condition 
Code Register 


n-3 


Accumulator 


n-2 


Index Register 


n-1 


1111 


PCH* 


n 


PCL* 



I g 

I * I 

7 

I * 1 



11 























PC 




I 


11 


5 4 







l° 














1 


1 


SP | 



Accumulator 



I Index Register 



Program Counter 
Stack Pointer 

Condition Code Register 

— Carry/Borrow 

— Zero 

— Negative 

— Interrupt Mask 

— Half Carry 



Figure 4 Programming Model 
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■ REGISTERS 

The CPU has five registers available to the programmer. 
They are shown in Figure 4 and are explained in the following 
paragraphs. 

• Accumulator (A) 

The accumulator is a general purpose 8-bit register used to 
hold operands and results of arithmetic calculations or data 
manipulations. 

• Index Register (X) 

The index register is an 8-bit register used for the indexed 
addressing mode. It contains an 8-bit address that may be added 
to an offset value to create an effective address. The index 
register can also be used for limited calculations and data 
manipulations when using read/modify/write instructions. When 
not required by a code sequence being executed, the index 
register can be used as a temporary storage area. 

• Program Counter (PC) 

The program counter is a 12-bit register that contains the 
address of the next instruction to be executed. 

• Stack Pointer (SP) 

The stack pointer is a 1 2-bit register that contains the address 
of the next free location on the stack. Initially, the stack point- 
er is set to location $07F and is decremented as data is being 
pushed onto the stack and incremented as data is being pulled 
from the stack. The six most significant bits of the stack pointer 
are permanently set to 0000011. During an MCU reset or the 
reset stack pointer (RSP) instruction, the stack pointer is set 
to location $07F. Subroutines and interrupts may be nested 
down to location $061 which allows the programmer to use up 
to 1 5 levels of subroutine calls. 

• Condition Code Register (CO 

The condition code register is a 5-bit register in which each 
bit is used to indicate or flag the results of the instruction just 
executed. These bits can be individually tested by a program 
and specific action taken as a result of their state. Each indi- 
vidual condition code register bit is explained in the following 
paragraphs. 
Half Carry (H) 

Used during arithmetic operations (ADD and ADC) to 



indicate that a carry occurred between bits 3 and 4. 
Interrupt (I) 

This bit is set to mask the timer and external interrupt (INT). 
If an interrupt occurs while this bit is set it is latched and will be 
processed as soon as the interrupt bit is reset. 
Negative (N) 

Used to indicate that the result of the last arithmetic, logical 
or data manipulation was negative (bit 7 in result equal to a 
logical one). 
Zero (Z) 

Used to indicate that the result of the last arithmetic, logical 
or data manipulation was zero. 
Carry /Borrow (C) 

Used to indicate that a carry or borrow out of the arithmetic 
logic unit (ALU) occurred during the last arithmetic operation. 
This bit is also affected during bit test and branch instructions, 
shifts, and rotates. 

■ TIMER 

The MCU timer circuitry is shown in Figure 5. The 8-bit 
counter, the Timer Data Register (TDR), is loaded under pro- 
gram control and counts down toward zero as soon as the clock 
input is applied. When the timer reaches zero, the timer inter- 
rupt request bit (bit 7) in the Timer Control Register (TCR) is 
set. The CPU responds to this interrupt by saving the present 
CPU state on the stack, fetching the timer interrupt vector from 
locations $FF8 and $FF9 and executing the interrupt routine. 
The timer interrupt can be masked by setting the timer inter- 
rupt mask bit (bit 6) in the TCR. The interrupt bit (I bit) in the 
Condition Code Register also prevents a time interrupt from 
being processed. 

The clock input to the timer can be from an external source 
applied to the TIMER input pin or it can be the internal (j>i 
signal. When the <j>2 signal is used as the source, it can be gated 
by an input applied to the TIMER input pin allowing the user 
to easily perform pulse-width measurements. The TIMER input 
pin must be tied to V cc , for ungated fa clock input to the 
timer prescaler. The source of the clock input is one of the 
options that has to be specified before manufacture of the 



(Internal) 



Timer 
Input 

Pin 



«•-+-■» |2 



Prescaler 
2' 2 2 2' 2 4 2 s 2 6 



Manufacturing 
Mask Options 



r|— -I — |--f— J-f- 4-4— ; 

! i 

^—i-t-i-H-v-t- 



TIR; 
TIM; 



Timer Interrupt Request 
Timer Interrupt Mask 



Clock 
Input _ 










JL 


t 






8-Bit Counter 
Timer Data Register (TDR) 


Time 
Out 


7 


6 


NOT USED 






Timer Control Register (TCR) 




1 


» 

' 


' 






1 


\ 


' 



Figure 5 Timer Block Diagram 
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MCU. A prescaler option can be applied to the clock input that 
extends the timing interval up to a maximum of 128 counts 
before decrementing the counter (TDR). The timer continues 
to count past zero, falling through to $FF from zero and then 
continuing the count. Thus, the counter (TDR) can be read at 
any time by reading the TDR. This allows a program to deter- 
mine the length of time since a timer interrupt has occurred 
and not disturb the counting process. 

The TDR is 8-bit Read/Write Register in location $008. 
At power-up or reset, the TDR and the prescaler are initialized 
with all logical ones. 

The Timer Interrupt Request bit (bit 7 of the TCR) is set 
by hardware when timer count reaches zero, and is cleared by 
program or by hardware reset. The bit 6 of the TCR is writable 
by program. Both of those bits can be read by CPU. 
(NOTE) If the MCU Timer is not used, the TIMER input pin 
must be grounded. 



■ SELF CHECK 

The self-check capability of the MCU provides an internal 
check to determine if the part is functional. Connect the MCU 
as shown in Figure 6 and monitor the output of port C bit 3 for 
an oscillation of approximately 3Hz. 

■ RESETS 

The MCU can be reset three ways; by initial power-up, by 
the external reset input (RES) and by an optional internal 
low voltage inhibit circuit, see Figure 7. All the I/O port are 
initialized to input mode (DDRs are cleared) during reset. 

During power-up, a minimum of 100 milliseconds is needed 
before allowing the RES input to go "High". 

This time allows the internal crystal oscillator to stabilize. 
Connecting a capacitor to the RES input, as shown in Figure 8, 
typically provides sufficient delay. 



T 



2.2mF 



V cc - Pin 4 

Vcc = Pin 1 




XTAL A, 

A, 

EXTAL A, 

A„ 

HD6805U1 . 

TIMER ( Resistor option) 

B, 

NUM B t 

B 5 

B« 

Co B « 

C, B, 

C, B . 

C 3 B " 

C„ 

c, 
c. 
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Refer to Figure 9 about crystal option 



Figure 6 Self Check Connections 
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Figure 7 Power Up and RES Timing 
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Partof 

HD6805U1 

MCU 



RES — *~ 2.2*iF 
W 



Figure 8 Power Up Reset Delay Circuit 



■ INTERNAL OSCILLATOR OPTIONS 

The internal oscillator circuit is designed to require a mini- 
mum of external components. A crystal, a resistor, a jumper 
wire, or an external signal may be used to generate a system 
clock with various stability/cost tradeoff. A manufacturing 
mask option is required to select either the crystal oscillator or 
the RC oscillator circuit. The different connection methods are 
shown in Figure 9. Crystal specifications are given in Figure 10. 
A resistor selection graph is given in Figure 1 1. 



max _, — 5 



22pF±20% 
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EXTAL HD6805U1 

MCU 



Crystal 
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External: Jumper 
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External Clock 
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L, 



CRYSTAL OPTIONS RESISTOR OPTIONS 

Figure 9 Internal Oscillator Options 
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Figure 10 Crystal Parameters 
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Figure 11 Typical Resistor Selection Graph 
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( Reset "*) 
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Figure 12 Interrupt Processing Flowchart 



Data 

Direction 

Register Bit 



Output 
Data Bit 





Stack 
PC, X, A, CC 



Load PC From 
SWI:$FFC, $FFD 
fNT:$FFA, $FFB 
TIMER:$FF8,$FF9 




I/O Pin 



Figure 13 Typical Port I/O Circuitry 
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■ INTERRUPTS 

The CPU can be interrupted three different ways: through 
the external interrupt (INT) input pin, the internal timer inter- 
rupt request, and a software interrupt instruction (SWI). When 
any interrupt occurs, processing is suspended, the present CPU 
state is pushed onto the stack, the interrupt bit (I) in the Condi- 
tion Code Register is set, the address of the interrupt routine is 
obtained from the appropriate interrupt vector address, and the 
interrupt routine is executed. The interrupt service routines 
normally end with a return from interrupt (RTI) instruction 
which allows the CPU to resume processing of the program 
prior to the interrupt. Table 1 provides a listing of the inter- 
rupts, their priority, and the vector address that contain the 
starting address of the appropriate interrupt routine. 

A flowchart of the interrupt processing sequence is given 
in Fig. 12. 

Table 1 Interrupt Priorities 



Interrupt 


Priority 


Vector Address 


RES 


1 


$FFEand$FFF 


SWI 


2 


$FFCand$FFD 


INT 


3 


$FFAand$FFB 


TIMER 


4 


$FF8and$FF9 



■ INPUT/OUTPUT 

There are 24 input/output pins. All pins are programmable 
as either inputs or outputs under software control of the cor- 
responding Data Direction Register (DDR). When programmed 
as outputs, the latched output data is readable as input data, 
regardless of the logic levels at the output pin due to output 
loading (see Fig. 13). When Port B is programmed for outputs, 
it is capable of sinking 10mA on each pin (Vql = IV max). 
All input/output lines are TTL compatible as both inputs and 



outputs. Port A is CMOS compatible as outputs, and Port B and 
C lines are CMOS compatible as inputs. Figure 14 provides some 
examples of port connections. 

■ INPUT 

Port D can be used as either 8 TTL compatible inputs or 1 
threshold input and 7 analog inputs pins. Fig. 15 (a) shows the 
construction of port D. The Port D register at location $003 
stores TTL compatible inputs, and those in location $007 store 
the result of comparison Do to D6 inputs with D7 threshold 
input. Port D has not only the conventional function as inputs 
but also voltage-comparison function. Applying the latter, can 
easily check that 7 analog input electric potential max. exceeds 
the limit with the construction shown in Fig. 1 5 (b). Also, using 
one output pin of MCU, after external capacity is discharged 
at the preset state, charge the CR circuit of long enough time 
constant, apply the charging curve to the D7 pin. The construc- 
tion described above is shown in Fig. 15 (c). The compared 
result of Do to D6 is regularly monitored, which gives the 
analog input electric potential applied to Do to D6 pins from 
inverted time. This method enables 7 inputs to be converted 
from analog to digital. Furthermore, combination of two func- 
tions gives 3 level voltages from Do to D6. Fig. 15 (d) provides 
the example when Vjh is set to 3.5V. 

■ BIT MANIPULATION 

The MCU has the ability to set or clear any single random 
access memory or input/output bit (except the data direction 
registers) with a single instruction (BSET, BCLR). Any bit in 
the page zero read only memory can be tested, using the BRSET 
and BRCLR instructions, and the program branches as a result 
of its state. This capability to work with any bit in RAM, ROM 
or I/O allows the user to have individual flags in RAM or to 
handle single I/O bits as control lines. The example in Figure 16 
illustrates the usefulness of the bit manipulation and test 
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Port C Programmed as output(s), driving CMOS loads, using 
external pull-up (d) 
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instructions. Assume that bit of port A is connected to a zero vides turn-on of the TRIAC within 14 microseconds of the zero 

crossing detector circuit and that bit 1 of port A is connected to crossing. The timer could also be incorporated to provide turn- 

the trigger of a TRIAC which power the controlled hardware. on at some later time which would permit pulse-width modiila- 

This program, which uses only seven ROM locations, pro- tion of the controlled power. 
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(a) The logic configuration of Port D 
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(b) Seven analog inputs and a reference level input of Port D 
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(c) Application to A/D converter 
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(d) Application to 3 levels input 
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Figure 15 Configuration and Application of Port D 
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SELF 1 BRCLRO.PORT A, SELF 1 

BSET 1, PORT A 
BCLR 1. PORT A 



Figure 16 Bit Manipulation Example 

■ ADDRESSING MODES 

The CPU has ten addressing modes available for use by the 
programmer. They are explained and .illustrated briefly in the 
following paragraphs. 

• Immediate 

Refer to Figure 17. The immediate addressing mode accesses 
constants which do not change during program execution. Such 
instructions are two bytes long. The effective address (EA) is 
the PC and the operand is fetched from the byte following the 
opcode. 

• Direct 

Refer to Figure 18. In direct addressing, the address of the 
operand is contained in the second byte of the instruction. 
Direct addressing allows the user to directly address the lowest 
256 bytes in memory. All RAM space, I/O registers and 128 
bytes of ROM are located in page zero to take advantage of this 
efficient memory addressing mode. 

• Extended 

Refer to Figure 19. Extended addressing is used to reference 
any location in memory space. The EA is the contents of the 
two bytes following the opcode. Extended addressing instruc- 
tions are three bytes long. 

• Relative 

Refer to Figure 20. The relative addressing mode applies only 
to the branch instructions. In this mode the contents of the 
byte following the opcode is added to the program counter 
when the branch is taken. EA=(PC)+2+Rel. Rel is the contents 
of the location following the instruction opcode with bit 7 
being the sign bit. If the branch is not taken Rel=0, when a 
branch takes place, the program goes to somewhere within the 
range of +129 bytes to -127 of the present instruction. These 
instructions are two bytes long. 

• Indexed (No Offset) 

Refer to Figure 21. This mode of addressing accesses the 
lowest 256 bytes of memory. These instructions are one byte 
long and their EA is the contents of the index register. 

• Indexed (8-bit Offset) 

Refer to Figure 22. The EA is calculated by adding the 
contents of the byte following the opcode to the contents of 
the index register. In this mode, 5 1 1 low memory locations are 
accessable. These instructions occupy two bytes. 

• I ndexed (16-bit Offset) 

Refer to Figure 23. This addressing mode calculates the EA 
by adding the contents of the two bytes following the opcode 
to the index register. Thus, the entire memory space may be 
accessed. Instructions which use this addressing mode are three 
bytes long. 



• Bit Set/Clear 

Refer to Figure 24. This mode of addressing applies to 
instructions which can set or clear any bit on page zero. The 
lower three bits in the opcode specify the bit to be set or 
cleared while the byte following the opcode specifies the 
address in page zero. 

• Bit Test and Branch 

Refer to Figure 25. This mode of addressing applies to 
instructions which can test any bit in the first 256 locations 
($00-$FF) and branch to any location relative to the PC. The 
byte to be tested is addressed by the byte following the opcode. 
The individual bit within that byte to be tested is addressed by 
the lower three bits of the opcode. The third byte is the relative 
address to be added to the program counter if the branch condi- 
tion is met. These instructions are three bytes long. The value of 
the bit tested is written to the carry bit in the condition code 
register. 

• Implied 

Refer to Figure 26. The implied mode of addressing has no 
EA. All the information necessary to execute an instruction is 
contained in the opcode. Direct operations on the accumulator 
and the index register are included in this mode of addressing. 
In addition, control instructions such as SWI, RTI belong to this 
group. All implied addressing instructions are one byte long. 

■ INSTRUCTION SET 

The MCU has a set of 59 basic instructions. They can be 
divided into five different types: register/memory, read/modify/ 
write, branch, bit manipulation, and control. The following 
paragraphs briefly explain each type. All the instructions within 
a given type are presented in individual tables. 

• Register/Memory Instructions 

Most of these instructions use two operands. One operand is 
either the accumulator or the index register. The other operand 
is obtained from memory using one of the addressing modes. 
The jump unconditional (JMP) and jump to subroutine (JSR) 
instructions have no register operand. Refer to Table 2. 

• Read/Modity/Write Instructions 

These instructions read a memory location or a register, 
modify or test its contents, and write the modified value back 
to memory or to the register. The test for negative or zero 
(TST) instruction is an exception to the read/modify/write 
instructions since it does not perform the write. Refer to Table 
3. 

• Branch Instructions 

The branch instructions cause a branch from the program 
when a certain condition is met. Refer to Table 4. 

• Bit Manipulation Instructions 

These instructions are used on any bit in the first 256 bytes 
of the memory. One group either sets or clears. The other group 
performs the bit test and branch operations. Refer to Table 5. 

• Control Instructions 

The control instructions control the MCU operations during 
program execution. Refer to Table 6. 

• Alphabetical Listing 

The complete instruction set is given in alphabetical order in 
Table 7. 

• Opcode Map 

Table 8 is an opcode map for the instructions used on the 
MCU. 
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Figure 17 Immediate Addressing Example 
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Figure 18 Direct Addressing Example 
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Figure 19 Extended Addressing Example 
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Figure 21 Indexed (No Offset) Addressing Example 
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Figure 22 Indexed (8-Bit Offset) Addressing Example 



# HITACHI 



189 



HD6805U1- 


1 
1 

TABL. X 0692 
0693 
0694 

#BF 077E 
#86 077F 
#DB 0780 
#CF 0781 












I 

Memory 




EA 




| 0780 | 




1 
1 


A 






1 


y 


Adder 






/ /\ \ 






i 


\ 1 


i 


A 






J OB 1 






I 1 






Index Reg 




1 


1 0? 1 








1 1 


PROG LDA 


D6 




Stack Point 




07 


1 1 1 




7E 






Prog Count 








| 0695 „ | 






CC 








■ ""■ \ 




BF 




1 1 






FCB 


86 




FCB 


DB 








FCB 


CF 






J 





Figure 23 Indexed (16-Bit Offset) Addressing Example 
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Figure 24 Bit Set/Clear Addressing Example 
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Figure 25 Bit Test and Branch Addressing Example 
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Table 2 Register/Memory Instructions 





Mnemonic 


Addressing Modes 


Function 


Immediate 


Direct 


Extended 


Indexed 
(No Offset) 


Indexed 
(8-Bit Offset) 


Indexed 
(16-Bit Offset) 




Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
"Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Load A from Memory 


LDA 


A6 


2 


2 


B6 


2 


4 


C6 


3 


5 


F6 




4 


E6 


2 


5 


D6 


3 


6 


Load X from Memory 


LDX 


AE 


2 


2 


BE 


2 


4 


CE 


3 


5 


FE 




4 


EE 


2 


5 


DE 


3 


6 


Store A in Memory 


STA 


- 


- 


- 


B7 


2 


5 


C7 


3 


6 


F7 




5 


E7 


2 


6 


D7 


3 


7 


Store X in Memory 


STX 


- 


- 


- 


BF 


2 


5 


CF 


3 


6 


FF 




5 


EF 


2 


6 


OF 


3 


7 


Add Memory to A 


ADD 


AB 


2 


2 


BB 


2 


4 


CB 


3 


5 


FB 




4 


EB 


2 


5 


D8 


3 


6 


Add Memory and 
Carry to A 


ADC 


A9 


2 


2 


89 


2 


4 


C9 


3 


5 


F9 




4 


E9 


2 


5 


D9 


3 


6 


Subtract Memory 


SUB 


AO 


2 


2 


BO 


2 


4 


CO 


3 


5 


FO 




4 


EO 


2 


5 


DO 


3 


6 


Subtract Memory from 
A with Borrow 


SBC 


A2 


2 


2 


B2 


2 


4 


C2 


3 


5 


F2 




4 


E2 


2 


5 


D2 


3 


6 


AND Memory to A 


AND 


A4 


2 


2 


B4 


2 


4 


C4 


3 


5 


F4 




4 


E4 


2 


5 


D4 


3 


6 


OR Memory with A 


ORA 


AA 


2 


2 


BA 


2 


4 


CA 


3 


5 


FA 




4 


EA 


2 


5 


DA 


3 


6 


Exclusive OR Memory 
with A 


EOR 


A8 


2 


2 


B8 


2 


4 


C8 


3 


5 


F8 




4 


E8 


2 


5 


D8 


3 


6 


Arithmetic Compare A 
with Memory 


CMP 


A1 


2 


2 


B1 


2 


4 


CI 


3 


5 


F1 




4 


E1 


2 


5 


D1 


3 


6 


Arithmetic Compare X 
with Memory 


CPX 


A3 


2 


2 


B3 


2 


4 


C3 


3 


5 


F3 




4 


E3 


2 


5 


D3 


3 


6 


Bit Test Memory with A 
(Logical Compare) 


BIT 


A5 


2 


2 


B5 


2 


4 


C5 


3 


5 


F5 




4 


E5 


2 


5 


D5 


3 


6 


Jump Unconditional 


JMP 


- 


- 


- 


BC 


2 


3 


CC 


3 


4 


FC 




3 


EC 


2 


4 


DC 


3 


5 


Jump to Subroutine 


JSR 


- 


- 


- 


BD 


2 


7 


CD 


3 


8 


FD 




7 


ED 


2 


8 


DD 


3 


9 



Table 3 Read/Modify/Write Instructions 





Mnemonic 


Addressing Modes 


Function 


Implied (A) 


Implied (X) 


Direct 


Indexed 
(No Offset) 


Indexed 
(8-Bit Offset) 




Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Increment 


INC 


4C 




4 


5C 


1 


4 


3C 


2 


6 


7C 




6 


6C 


2 




Decrement 


DEC 


4A 




4 


5A 


1 


4 


3A 


2 


6 


7A 




6 


6A 


2 




Clear 


CLR 


4F 




4 


5F 


1 


4 


3F 


2 


6 


7F 




6 


6F 


2 




Complement 


COM 


43 




4 


53 


1 


4 


33 


2 


6 


73 




6 


63 


2 




Negate 

(2's Complement) 


NEG 


40 




4 


50 


1 


4 


30 


2 


6 


70 




6 


60 


2 




Rotate Left Thru Carry 


ROL 


49 




4 


59 


1 


4 


39 


2 


6 


79 




6 


69 


2 




Rotate Right Thnj Carry 


ROR 


46 




4 


56 


1 


4 


36 


2 


6 


76 




6 


66 


2 




Logical Shift Left 


LSL 


48 




4 


58 


1 


4 


38 


2 


6 


78 




6 


68 


2 




Logical Shift Right 


LSR 


44 




4 


54 


1 


4 


34 


2 


6 


74 




6 


64 


2 




Arithmetic Shift Right 


ASR 


47 




4 


57 


1 


4 


37 


2 


6 


77 




6 


67 


2 




Arithmetic Shift Left 


ASL 


48 




4 


58 


1 


4 


38 


2 


6 


78 




6 


68 


2 




Test for Negative or 
Zerb 


TST 


4D 


1 


4 


5D 


1 


4 


3D 


2 


6 


7D 




6 


6D 


2 
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Table 4 Branch Instructions 





Mnemonic 


Relative Addressing Mode 


Function 


Op 
Code 


# 
Bytes 


# 
Cycles 


Branch Always 


BRA 


20 


2 


4 


Branch Never 


BRN 


21 


2 


4 


Branch IF Higher 


BHI 


22 


2 


4 


Branch I F Lower or Same 


BLS 


23 


2 


4 


Branch IF Carry Clear 


BCC 


24 


2 


4 


(Branch IF Higher or Same) 


(BHS) 


24 


2 


4 


Branch IF Carry Set 


BCS 


25 


2 


4 


(Branch IF Lower) 


(BLO) 


25 


2 


4 


Branch I F Not Equal 


BNE 


26 


2 


4 


Branch IF Equal 


BEQ 


27 


2 


4 


Branch IF Half Carry Clear 


BHCC 


28 


2 


4 


Branch IF Half Carry Set 


BHCS 


29 


2 


4 


Branch IF Plus 


BPL 


2A 


2 


4 


Branch IF Minus 


BMI 


2B 


2 


4 


Branch IF Interrupt Mask Bit is Clear 


BMC 


2C 


2 


4 


Branch 1 F Interrupt Mask Bit is Set 


BMS 


2D 


2 


4 


Branch IF Interrupt Line is Low 


BIL 


2E 


2 


4 


Branch IF Interrupt Line is High 


BIH 


2F 


2 


4 


Branch to Subroutine 


BSR 


AD 


2 


8 



Table 5 Bit Manipulation Instructions 





Mnemonic 


Addressing Modes 


Function 


Bit Set/Clear 


Bit Test and Branch 




Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Branch IF Bit n is set 


BRSETn (n=0 . 


...7) 


- 


- 


- 


2-n 


3 


10 


Branch IF Bit n is clear 


BRCLR n (n=0 


....7) 


- 


- 


- 


01+2-n 


3 


10 


Set Bit n 


BSET n (n=0 .... 


.7) 


10+2'n 


2 


7 


- 


- 


- 


Clear bit n 


BCLR n (n=0 


.7) 


11+2-n 


2 


7 


- 


- 


- 



Table 6 Control Instructions 





Mnemonic 


Implied 


Function 


Op 
Code 


# 
Bytes 


# 
Cycles 


Transfer A to X 


TAX 


97 




2 


Transfer X to A 


TXA 


9F 




2 


Set Carry Bit 


SEC 


99 




2 


Clear Carry Bit 


CI.C 


98 




2 


Set Interrupt Mask Bit 


SEI 


9B ^ 




2 


Clear Interrupt Mask Bit 


CLI 


9A 




2 


Software Interrupt 


SWI 


83 




11 


Return from Subroutine 


RTS 


81 




6 


Return from Interrupt 


RTI 


80 




9 


Reset Stack Pointer 


RSP 


9C 




2 


No-Operation 


NOP 


9D 




2 
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Table 7 Instruction Set 





Addressing Modes 


Condition Code 


Mnemonic 


Implied 


Imme- 
diate 


Direct 


Ex- 
tended 


Re- 
lative 


Indexed 

(No 
Offset) 


Indexed 
(8 Bits) 


Indexed 
(16 Bits) 


Bit 
Set/ 
Clear 


Bit 
Test & 
Branch 


H 


1 


N 


Z 


C 


ADC 




X 


X 


X 




X 


X 


x 






A 




A 


A 


A 


ADD 




X 


X 


X 




X 


X 


X 






A 




A 


A 


A 


AND 




X 


X 


X 




X 


X 


X 










A 


A 


• 


ASL 


X 




X 






X 


X 












A 


A 


A 


ASR 


X 




X 






X 


X 












A 


A 


A 


BCC 










X 






















BCLR 


















X 














BCS 










X 






















BEQ 










X 






















BHCC 










X 






















BHCS 










X 






















BHI 










X 






















BHS 










X 






















BIH 










X 






















BIL 










X 






















BIT 




X 


X 


X 




X 


X 


X 










A 


A 




BLO 










X 






















BLS 










X 






















BMC 










X 






















BMI 










X 






















BMS 










X 






















BNE 










X 






















BPL 










X 






















BRA 










X 






















BRN 










X 






















BRCLR 




















X 










A 


BRSET 




















X 










A 


BSET 


















X 














BSR 










X 






















CLC 


X 






























CLI 


X 






























CLR 


X 




X 






X 


X 















1 




CMP 




X 


X 


X 




X 


X 


X 










A 


A 


A 


COM 


X 




X 






X 


X 












A 


A 


1 


CPX 




X 


X 


X 




X 


X 


X 










A 


A 


A 


DEC 


X 




X 






X 


X 












A 


A 


• 


EOR 




X 


X 


X 




X 


X 


X 










A 


A 


• 


INC 


X 




X 






X 


X 












A 


A 


• 


JMP 






X 


X 




X 


X 


X 










• 


• 


• 


JSR 






X 


X 




X 


X 


X 










• 


• 


• 


LDA 




X 


X 


X 




X 


X 


X 










A 


A 


• 


LDX 




X 


X 


X 




X 


X 


X 










A 


A 


• 



Condition Code Symbols: 
H Half Carry (From Bit 3) 
I Interrupt Mask 
N Negative (Sign Bit) 
Z Zero 



C Carry Borrow 

A Test and Set if True, Cleared Otherwise 

• Not Affected 



(to be continued) 
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Table 7 Instruction Set 





Addressing Modes 


Condition Code 


Mnemonic 


Implied 


Imme- 
diate 


Direct 


Ex- 
tended 


Re- 
lative 


Indexed 

(No 
Offset) 


Indexed 
(8 Bits) 


Indexed 
(16 Bits) 


Bit 
Set/ 
Clear 


Bit 
Test & 
Branch 


H 


I 


N 


Z 


C 


LSL 


X 




X 






x 


X 












A 


A 


A 


LSR 


X 




X 






X 


X 















A 


A 


NEG 


X 




X 






X 


X 












A 


A 


A 


NOP 


X 






























ORA 




X 


X 


X 




X 


X 


X 










A 


A 


• 


ROL 


X 




X 






X 


X 












A 


A 


A 


ROR 


X 




X 






X 


X 












A 


A 


A 


RSP 


X 






























RTI 


X 
























? 


? 


? 


RTS 


X 






























SBC 




X 


X 


X 




X 


X 


X 










A 


A 


A 


SEC 


X 
























• 


• 


1 


SEI 


X 
























• 


• 


• 


STA 






X 


X 




X 


X 


X 










A 


A 


• 


STX 






X 


X 




X 


X 


X 










A 


A 


• 


SUB 




X 


X 


X 




X 


X 


X 










A 


A 


A 


SWI 


X 
























• 


• 


• 


TAX 


X 






























TST 


X 




X 






X 


X 












A 


A 


• 


TXA 


X 































Condition Code Symbols: 
H Half Carry (From Bit 3) 
I Interrupt Mask 
N Negative (Sign Bit) 
Z Zero 



C Carry/Borrow 

A Test and Set if True, Cleared Otherwise 

• Not Affected 

? Load CC Register From Stack 
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Table 8 Opcode Map 





Bit Manipulation 


Branch 


Read/Modify/Write 


Control 


Register /Memory 






Testa 
Branch 


Set/ 
Clear 


Rel 


DIR 


A 


X 


,X1 


,X0 


IMP 


IMP 


IMM 


DIR 


EXT 


.X2 


*i 


,xo 









1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 


«-r 





BRSETO 


BSE TO 


BRA 


NEG 


RTI* 


- 


SUB 





1 


BRCLRO 


BCLRO 


BRN 


- 


RTS* 


- 


CMP 


1 


2 


BRSET1 


BSET1 


BHI 


- 


- 


- 


SBC 


2 


3 


BRCLR1 


BCLR1 


BLS 


COM 


SWI* 


- 


CPX 


3 


4 


BRSET2 


BSET2 


BCC 


LSR 


_ 


- 


ANO 


4 


5 


BRCLR2 


BCLR2 


BCS 


_ 


- 


- 


BIT 


5 


6 


BRSET3 


BSET3 


BNE 


ROR 


- 


- 


LDA 


6 


7 


BRCLR3 


BCLR3 


BEQ 


ASR 


- 


TAX 


- | STA(+1) 


7 


8 


BRSET4 


BSET4 


BHCC 


LSL/ASL 


- 


CLC 


EOR 


8 


9 


BRCLR4 


BCLR4 


BHCS 


ROL 


- 


SEC 


ADC 


9 


A 


BRSET5 


BSET5 


BPL 


DEC 


- 


CLI 


ORA 


A 


8 


L BRCLR5 


BCLR5 


BMI 


- 


- 


SEI 


ADD 


B 


C 


BRSET6 


BSET6 


BMC 


INC 


- 


RSP 


_ 


JMP(-I) 


C 


D 


BRCLR6 


BCLR6 


BMS 


TST 


- 


NOP 


BSR* 


JSRI-3) 


D 


E 


BRSET7 


BSET7 


BIL 


_ 


_ 


_ 


LDX 


E 


F 


BRCLR7 


BCLR7 


BIH 


CLR 


- 


TXA 


- 


STX(+1) 


F 




3/10 


2/7 


2/4 


2/6 J 1/4 | 1/4 [ 2/7 | 1/6 


1/' 


1/2 


2/2 


2/4 j 3/5 | 3/6 | 2/5 | 1/4 





(NOTE) 1. Undefined opcodes are marked with "—". 

2. The number at the bottom of each column denote the number of bytes and the number of cycles required (Bytes/Cycles). 
Mnemonics followed by a "•" require a different number of cycles as follows: 

RTI 9 

RTS 6 

SWI 11 

BSR 8 

3. ( ) indicate that the number in parenthesis must be added to the cycle count for that instruction. 
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HD6805V1 

MCU( Microcom P uter Unit ) 

The HD6805V1 is the 8-bit Microcomputer Unit (MCU) 
which contains a CPU, on-chip clock, ROM, RAM, I/O and 
timer. It is designed for the user who needs an economical 
microcomputer with the proven capabilities of the HD6800- 
based instruction set. 

The following are some of the hardware and software high- 
lights of the MCU. 

■ HARDWARE FEATURES 

• 8-Bit Architecture 

• 96 Bytes of RAM 

• Memory Mapped I/O 

• 3848 Bytes of User ROM 

• Internal 8-Bit Timer with 7-Bit Prescaler 

• Vectored Interrupts — External and Timer 

• 24 I/O Ports + 8 Input Port 
(8 Lines LED Compatible; 7 Bits Comparator Inputs) 

• On-Chip Clock Circuit 

• Self-Check Mode ■ 

• Master Reset 

• Low Voltage Inhibit 

• Complete Development System Support by Evaluation Kit 

• 5 Vdc Single Supply 

■ SOFTWARE FEATURES 

• Similar to HD6800 

• Byte Efficient Instruction Set 

• Easy to Program 

• True Bit Manipulation 

• Bit Test and Branch Instructions 

• Versatile Interrupt Handing 

• Powerful Indexed Addressing for Tables 

• Full Set of Conditional Branches 

• Memory Usable as Registers/Flags 

• Single Instruction Memory Examine/Change 

• 10 Powerful Addressing Modes 

• All Addressing Modes Apply to ROM, RAM and I/O 

• Compatible Instruction Set with MC6805P2 

■ BLOCK DIAGRAM 




PIN ARRANGEMENT 
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ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 




Supply Voltage 


Vcc* 


-0.3 ~ +7.0 


V 


Input Voltage (EXCEPT TIMER) 


V * 

v in 


-0.3 ~ +7.0 


V 


Input Voltage (TIMER) 


-0.3 ~ +12.0 


V 


Operating Temperature 


' opr 


~+70 


°C 


Storage Temperature 


T « 9 


-55-+150 


°C 



* With respect to V S s (SYSTEM GNO) 

(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under 
recommended operating conditions. If these conditions are exceeded, it could affect reliability of LSI. 



■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (V CC "5.25V ± 0.5V, Vss"GND, Ta«0~+70°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 




RES 


V,H 




4.0 


- 


Vcc 


V 


Input "High" Voltage 


fNT 




3.0 


- 


Vcc 


V 




All Other 




2.0 


- 


Vcc 


V 


Input "High" Voltage Timer 


Timer Mode 




2.0 


- 


Vcc 


V 


Self -Check Mode 




9.0 


- 


11.0 


V 




RES 


V,L 




-0.3 


- 


0.8 


V 


Input "Low" Voltage 


Tnt 




-0.3 


- 


0.8 


V 


EXTAL(Crystal Mode) 




-0.3 


- 


0.6 


V 




All Other 




-0.3 


- 


0.8 


V 


Power Dissipation 


Po 




- 


- 


700 


mW 


Low Voltage Recover 


LVR 




- 


- 


4.75 


V 


Low Voltage Inhibit 


LVI 




- 


4.0 


- 


V 




TIMER 


IlL 


V in =0.4V~V cc 


-20 


- 


20 


HA 


Input Leak Current 


INT 


-50 


- 


50 


MA 




EXTAL (Crystal Mode) 


-1200 


- 





*iA 



• AC CHARACTERISTICS (V C c=5.25V + 0.5V, Vss = GND, Ta*0 ~ +70° C. unless otherwise noted 


.) 








Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Clock Frequency 


■cl 




0.4 


- 


4.0 


MHz 


Cycle Time 


'eye 




1.0 


- 


10 


f« 


Oscillation Frequency (External Resistor Mode) 


*EXT 


R CP =15.0kU±1% 


- 


3.4 


- 


MHz 


TNT Pulse Width 


l IWL 




t CV c + 

250 


- 


- 


ns 


RES Pulse Width 


tflWL 




250 


- 


- 


ns 


TIMER Pulse Width 


'twl 




tcyc + 

250 


- 


- 


ns 


Oscillation Start-up Time (Crystal Mode) 


tosc 


C L =22pF±20%, 
R S =60J2 max. 


- 


- 


100 


ms 


Delay Time Reset 


*RHL 


External Cap. = 2.2fifr 


100 


- 


- 


ms 


Input Capacitance 


XTAL 


C in 


V,. n =0V 


- 


- 


35 


PF 


All Other 


- 


- 


10 


pF 
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• PORT ELECTRICAL CHARACTERISTICS (V C c = 5.25V ± 0.5V, Vss = GND. Ta = ~ +70°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 




Port A 


Voh 


I h =-10juA 


3.5 


- 


- 


V 




'OH = -100/iA 


2.4 


- 


- 


V 


Output "High" Voltage 


Port B 


Ioh = -200/liA 


2.4 


- 


- 


V 




Iqh = -1 nriA 


1.5 


- 


- 


V 




PortC 


l O H = -100jLtA 


2.4 


- 


- 


V 




Port A and C 


Vol 


■ol = 1.6 mA 


- 


- 


0.4 


V 


Output "Low" Voltage 


PortB 


Iol = 3.2 mA 


- 


- 


0.4 


V 




I l = 10 mA 


- 


- 


1.0 


V 


Input "High" Voltage 


Port A, B, C, 
and D* 


VlH 




2.0 


- 


v C c 


V 


Input "Low" Voltage 


V,L 




-0.3 


- 


0.8 


V 




Port A 


IlL 


V in = 0.8V 


-500 


- 


- 


juA 


Input Leak Current 


V in = 2V 


-300 


- 


- 


MA 




Port B, C, 
and D 


V in =0.4V~V cc 


- 20 


- 


20 


A«A 


Input "High" Voltage 


PortD** 
(D ~D 6 ) 


V,h 




- 


Vth+0.2 


— 


V 


Input "Low" Voltage 


Port D** 
(D ~D 6 ) 


V IL 




- 


Vth-0.2 


— 


V 


Threshold Voltage 


PortD**(D 7 ) 


V-TH 







— 


0.8xV CC 


V 



Port D as digital input 
** Port D as analog input 



TTLEquiv. (PortB) 



TTLEquiv. (Port A and C) 



|V C C 



Test Point 
O 

Vi 



=p40pF < 12 kJi 



Test Point 
O 



li = 1.6 mA 



-W " 



30 pF <24kJ2 



(NOTE) 1. Load capacitance includes the floating capacitance of tf.e probe and the jig etc. 
2. All diodes are 1S2074© or equivalent. 



Figure 1 Bus Timing Test Loads 



■ SIGNAL DESCRIPTION 

The input and output signals for the MCU, shown in PIN 
ARRANGEMENT, are described in the following paragraphs. 

• V cc and Vss 

Power is supplied to the MCU using these two pins. V cc 
is +5.25V +0.5V. V ss is the ground connection. 

• INT 

This pin provides the capability for asynchronously applying 
an external interrupt to the MCU. Refer to INTERRUPTS for 
additional information. 

• XTALandEXTAL 

These pins provide connections for the on-chip clock circuit. 
A crystal (AT cut, 4 MHz maximum), a resistor or an external 
signal can be connected to these pins to provide a system clock 
with various stability/cost tradeoffs. Refer to INTERNAL OS- 
CILLATOR OPTIONS for recommendations about these inputs. 



• TIMER 

This pin allows an external input to be used to decrement 
the internal timer circuitry. Refer to TIMER for additional 
information about the timer circuitry. 

• RES 

This pin allows resetting of the MCU at times other than 
the automatic resetting capability already in the MCU. Refer 
to RESETS for additional information. 

• NUM 

This pin is not for user application and should be connected 
toV ss . 
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• Input/Output Lines (A ~ A 7 , B ~ B 7 , C ~ C 7 ) 

These 24 lines are arranged into three 8 -bit ports (A, B and 
C). All lines are programmable as either inputs or outputs under 
software control of the Data Direction Register (DDR). Refer to 
INPUT/OUTPUT for additional information. 

• Input Lines (D ~ D 7 ) 

These are 8-bit input lines, which has two functions. Firstly, 
these are TTL compatible inputs, in location $003. The other 
function is 7 bits comparator in location $007. Refer to INPUT 
for more detail. 



■ MEMORY 

The MCU memory is configured as shown in Figure 2. During 
the processing of an interrupt, the contents of the CPU regi- 
sters are pushed onto the stack in the order shown in Figure 3. 
Since the stack pointer decrements during pushes, the low order 
byte (PCL) of the program counter is stacked first; then the 
high order four bits (PCH) are stacked. This ensures that the 
program counter is loaded correctly as the stack pointer in- 
crements when it pulls data from the stack. A subroutine call 
will cause only the program counter (PCH, PCL) contents to 
be pushed onto the stack. 



Caution: - Self Test ROM Address Area 

Self test ROM locations can not be used for a user program. 
If the user's program is in this location, it will be removed when 
manufacturing mask for production. 



000 



127 
128 



3967 
3968 



4087 
4088 



I/O Ports Timer 
RAM (128 Bytes) 



ROM 
(3840 Bytes) 



Self-test 



Interrupt 
Vectors 
(8 Bytes) 






7 6 5 4 3 2 


1 





Port A 


1 


Port B 


2 


Port C 


3 


Port D (digital) 


4 


Port A DDR 


5 


Port B DDR 


6 


Port C DDR 


7 


Port D (analog) 


8 


Timer Data Reg. 


9 


Timer CTRL Reg. 


10 
31 


Not Used (22 Bytes) 


32 
27\ 


RAM (96 Bytes) 

Stack 
t 



$000 

$001 

$002 

$003*' 

$004* 

$005* 

$006* 

$007" 

$008 

$009 

$O0A 



$01 F 
$020 



$07F 



$FFF 

Figure 2 MCU Memory Configuration 
7 



Write only registers 
* Read only register 



n-4 


1 1 1 


Condition 
Code Register 


n + 1 


n-3 


Accumulator 


n+2 


n-2 


Index Register 


n + 3 


n-1 


1111 


PCH* 


n^4 


n 


PCL" 


n + 5 



Accumulator 



] 



Index Register 





PC 




I 


11 


5 4 










| 





1 | 1 | SP | 



J Program Counter 



Stack Pointer 



| H | I J n| Z Jc | Condition Code Regi< 



* For subroutine calls, only PCH and PCL are stacked. 

Figure 3 Interrupt Stacking Order 



Carry/Borrow 
Zero 
Negative 
Interrupt Mask 
Half Carry 
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■ REGISTERS 

The CPU has five registers available to the programmer. 
They are shown in Figure 4 and are explained in the following 
paragraphs. 

• Accumulator (A) 

The accumulator is a general purpose 8-bit register used to 
hold operands and results of arithmetic calculations or data 
manipulations. 

• Index Register (X) 

The index register is an 8-bit register used for the indexed 
addressing mode. It contains an 8-bit address that may be added 
to an offset value to create an effective address. The index 
register can also be used for limited calculations and data 
manipulations when using read/modify/write instructions. When 
not required by a code sequence being executed, the index 
register can be used as a temporary storage area. 

• Program Counter (PC) 

The program counter is a 12-bit register that contains the 
address of the next instruction to be executed. 

• Stack Pointer (SP) 

The stack pointer is a 12-bit register that contains the address 
of the next free location on the stack. Initially, the stack point- 
er is set to location $07F and is decremented as data is being 
pushed onto the stack and incremented as data is being pulled 
from the stack. The six most significant bits of the stack pointer 
are permanently set to 0000011. During an MCU reset or the 
reset stack pointer (RSP) instruction, the stack pointer is set 
to location $07F. Subroutines and interrupts may be nested 
down to location $061 which allows the programmer to use up 
to 15 levels of subroutine calls. 

• Condition Code Register (CO 

The condition code register is a 5 -bit register in which each 
bit is used to indicate or flag the results of the instruction just 
executed. These bits can be individually tested by a program 
and specific action taken as a result of their state. Each indi- 
vidual condition code register bit is explained in the following 
paragraphs. 
Half Carry (H) 

Used during arithmetic operations (ADD and ADC) to 
indicate that a carry occurred between bits 3 and 4. 



Interrupt (I) 

This bit is set to mask the timer and external interrupt (INT). 
If an interrupt occurs while this bit is set it is latched and will be 
processed as soon as the interrupt bit is reset. 
Negative (N) 

Used to indicate that the result of the last arithmetic, logical 
or data manipulation was negative (bit 7 in result equal to a 
logical one). 
Zero (Z) 

Used to indicate that the result of the last arithmetic, logical 
or data manipulation was zero. 
Carry/Borrow (C) 

Used to indicate that a carry or borrow out of the arithmetic 
logic unit (ALU) occurred during the last arithmetic operation. 
This bit is also affected during bit test and branch instructions, 
shifts, and rotates. 

■ TIMER 

The MCU timer circuitry is shown in Figure 5. The 8-bit 
counter, the Timer Data Register (TDR), is loaded under pro- 
gram control and counts down toward zero as soon as the clock 
input is applied. When the timer reaches zero, the timer inter- 
rupt request bit (bit 7) in the Timer Control Register (TCR) is 
set. The CPU responds to this interrupt by saving the present 
CPU state on the stack, fetching the timer interrupt vector from 
locations $FF8 and $FF9 and executing the interrupt routine. 
The timer interrupt can be masked by setting the timer inter- 
rupt mask bit (bit 6) in the TCR. The interrupt bit (I bit) in the 
Condition Code Register also prevents a timer interrupt from 
being processed. 

The clock input to the timer can be from an external source 
applied to the TIMER input pin or it can be the internal 02 
signal. When the 02 signal is used as the source, it can be gated 
by an input applied to the TIMER input pin allowing the 
user to easily perform pulse-width measurements. The TIMER 
input pin must be tied to V cc , for ungated 02 clock input to 
the timer prescaler. The source of the clock input is one of the 
options that has to be specified before manufacture of the 
MCU. A prescaler option can be applied to the clock input that 
extends the timing interval up to a maximum of 128 counts 



(Internal) 



Timer 
Input 
Pin 






Manufacturing 
Mask Options 



2' 2 2 2' 2 4 2 5 T 2 1 



^4— --I — |-4-4-f- 4-4— : 



TIR; Timer Interrupt Request 
TIM; Timer Interrupt Mask 



Clock 
Input __ 






r 


t 






8-Bit Counter 
Timer Data Register (TDR ) 


Time 
Out 


7 


6 


NOT USED 






Timer Control Register (TCR) 




1 


1 


' 








1 < 

Write Re 


ad 



Read 



Figure 5 Timer Block Diagram 
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before decrementing the counter (TDR). The timer continues 
to count past zero, falling through to $FF from zero and then 
continuing the count. Thus, the counter (TDR) can be read at 
any time by reading the TDR. This allows a program to deter- 
mine the length of time since a timer interrupt has occurred 
and not disturb the counting process. 

The TDR is 8-bit Read/Write Register in location $008. 
At power-up or reset, the TDR and the prescaler are initialized 
with all logical ones. 

The Timer Interrupt Request bit (bit 7 of the TCR) is set by 
hardware when timer count reaches zero, and is cleared by pro- 
gram or by hardware reset. The bit 6 of the TCR is writable by 
program. Both of those bits can be read by CPU. 
(NOTE) If the MCU Timer is not used, the TIMER input pin 
must be grounded. 



■ SELF CHECK 

The self-check capability of the MCU provides an internal 
check to determine if the part is functional. Connect the MCU 
as shown in Figure 6 and monitor the output of port C bit 3 for 
an oscillation of approximately 3Hz. 

■ RESETS 

The MCU can be reset three ways; by initial power-up, by 
the external reset input (RES) and by an optional internal 
low voltage inhibit circuit, see Figure 7. All the I/O port are 
initialized to input mode (DDRs are cleared) during reset. 

During power-u p, a m inimum of 100 milliseconds is needed 
before allowing the RES input to go "High". 

This time allows the internal crystal oscillator to stabilize. 
Connecting a capacitor to the RES input, as shown in Figure 8, 
typically provides sufficient delay. 



T 



2.2m F 



Vcc 




A, 



HD6805V1 . 

TIMER (Resistor option) 
B, 



NUM 



39 



30 



29 



5V~ 
cc 
ov- 



KfSPin 



Figure 6 Self Check Connections 
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Refer to Figure 9 about crystal option 
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■ INTERNAL OSCILLATOR OPTIONS 

The internal oscillator circuit is designed to require a mini- 
mum of external components. A crystal, a resistor, a jumper 
wire, or an external signal may be used to generate a system 
clock with various stability/cost tradeoff. A manufacturing 
mask option is required to select either the crystal oscillator or 
the RC oscillator circuit. The different connection methods are 
shown in Figure 9. Crystal specifications are given in Figure 10. 
A resistor selection graph is given in Figure 1 1. 
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6 
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CRYSTAL OPTIONS RESISTOR OPTIONS 

Figure 9 Internal Oscillator Options 
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Rg = 60 SJ max. 

Figure 10 Crystal Parameters 
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Figure 1 1 Typical Resistor Selection Graph 



HITACHI 



203 



HD6805V1- 



( Reset^J 



1 ->l 

7F -*SP 

O-DDR's 

CLR INT Logic 

FF -» Timer 

7F -> Prescaler 

7F-.TCR 



Load PC From 
Reset :$FFE,$FFF 




In Reset 




Execute 
Instruction 



T 



INT 



Y SWI 



Stack 
PC. X, A, CC 



1 -I 



Load PC From 
SWI:$FFC,$FFD 
rNT:$FFA,$FFB 
TIMER:$FF8,$FF9 



Figure 12 Interrupt Processing Flowchart 
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Figure 13 Typical Port I/O Circuitry 




I/O Pin 



Data 

Direction 

Register 

Bit 


Output 
Data Bit 


Output 
State 


Input to 
MCU 


1 
1 




1 

X 




1 

3-State 



1 
Pin 



204 



HITACHI 



-HD6805V1 



■ INTERRUPTS 

The CPU can be in terru pted three different ways: through 
the external interrupt (INT) input pin, the internal timer inter- 
rupt request, and a software interrupt instruction (SWI). When 
any interrupt occurs, processing is suspended, the present CPU 
state is pushed onto the stack, the interrupt bit (I) in the Condi- 
tion Code Register is set, the address of the interrupt routine is 
obtained from the appropriate interrupt vector address, and the 
interrupt routine is executed. The interrupt service routines 
normally end with a return from interrupt (RTI) instruction 
which allows the CPU to resume processing of the program 
prior to the interrupt. Table 1 provides a listing of the inter- 
rupts, their priority, and the vector address that contain the 
starting address of the appropriate interrupt routine. 

A flowchart of the interrupt processing sequence is given 
in Fig. 12. 

Table 1 Interrupt Priorities 



Interrupt 


Priority 


Vector Address 


RES" 


1- 


$FFEand$FFF 


SWI 


2 


$FFCand$FFD 


rRT 


3 


$FFAand$FFB 


TIMER 


4 


$FF8and$FF9 



■ INPUT/OUTPUT 

There are 24 input/output pins. All pins are programmable 
as either inputs or outputs under software control of the cor- 
responding Data Direction Register (DDR). When programmed 
as outputs, the latched output data is readable as input data, 
regardless of the logic levels at the output pin due to output 
loading (see Fig. 13). When Port B is programmed for outputs 
it is capable of sinking 10mA on each pin (Vql = IV max). 
All input/output lines are TTL compatible as both inputs and 



outputs. Port A is CMOS compatible as outputs, and Port B and 
C lines are CMOS compatible as inputs. Figure 14 provides some 
examples of port connections. 

■ INPUT 

Port D can be used as either 8 TTL compatible inputs or 1 
threshold input and 7 analog inputs pins. Fig. 15 (a) shows the 
construction of port D. The Port D register at location $003 
stores TTL compatible inputs, and those in location $007 store 
the result of comparison Do to D6 inputs with D7 threshold 
input. Port D has not only the conventional function as inputs 
but also voltage-comparison function. Applying the latter, can 
easily check that 7 analog input electric potential max. exceeds 
the limit with the construction shown in Fig. 15 (b). Also, using 
one output pin of MCU, after external capacity is discharged 
at the preset state, charge the CR circuit of long enough time 
constant, apply the charging curve to the D7 pin. The construc- 
tion described above is shown in Fig. 15 (c). The compared 
result of Do to D6 is regularly monitored, which gives the 
analog input electric potential applied to Do to D6 pins from 
inverted time. This method enables 7 inputs to be converted 
from analog to digital. Furthermore, combination of two func- 
tions gives 3 level voltages from Do to D6 . Fig. 1 5 (d) provides 
the example when Vjh is set to 3.5V. 



■ BIT MANIPULATION 

The MCU has the ability to set or clear any single random 
access memory or input/output bit (except the data direction 
registers) with a single instruction (BSET, BCLR). Any bit in 
the page zero read only memory can be tested, using the BRSET 
and BRCLR instructions, and the program branches as a result 
of its state. This capability to work with any bit in RAM, ROM 
or I/O allows the user to have individual flags in RAM or to 
handle single I/O bits as control lines. The example in Figure 16 
illustrates the usefulness of the bit manipulation and test 







CMOS 
Load 












* 


I 


1.6 

mA 


TTL 
Load 



Port A 



Port A Programmed as output(s), driving CMOS and TTL Load directly, 
(a) 



Port B 




n FE* •b 



Port B Programmed as output (s), driving Darlington base directly, 
(b) 



Port B 




Port C 



C 7 



• — »■ CMOS Inverter 



Port B Programmed as output(s), driving LED(s) directly, 
(c) 



Port C Programmed as output(s), driving CMOS loads, using external pull-up 
resistors. (d) 



Figure 14 Typical Port Connections 
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instructions. Assume that bit of port A is connected to a zero vides turn-on of the TRIAC within 14 microseconds of the zero 

crossing detector circuit and that bit 1 of port A is connected to crossing. The timer could also be incorporated to provide turn- 

the trigger of a TRIAC which power the controlled hardware. on at some later time which would permit pulse-width modula- 

This program, which uses only seven ROM locations, pro- tion of the controlled power. 



Internal But 
(BitO ~ Bit6) 



Internal Bus 
(Bit 7) 



$003 Read 



$007 Read 



<H<] 



$003 Read 



<3 



Input Port 
__Q (D ~D 6 ) 



Input Port (D 7 ) 

-o 



(a) The logic configuration of Port D 



Port 
D 



D, 



D. 



- Reference Level 
■ Analog Input 6 



■ Analog Input 



(b) Seven analog inputs and a reference level input of Port D 
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(c) Application to A/D convenor 
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(d) Application to 3 levels input 
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Figure 15 Configuration and Application of Port D 
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SELF 1 BRCLRO. PORT A, SELF 1 
BSET 1, PORT A 
BCLR 1. PORT A 



Figure 16 Bit Manipulation Example 

■ ADDRESSING MODES 

The CPU has ten addressing modes available for use by the 
programmer. They are explained and illustrated briefly in the 
following paragraphs. 

• Immediate 

Refer to Figure 17. The immediate addressing mode accesses 
constants which do not change during program execution. Such 
instructions are two bytes long. The effective address (EA) is 
the PC and the operand is fetched from the byte following the 
opcode. 

• Direct 

Refer to Figure 18. In direct addressing, the address of the 
operand is contained in the second byte of the instruction. 
Direct addressing allows the user to directly address the lowest 
256 bytes in memory. All RAM space, I/O registers and 128 
bytes of ROM are located in page zero to take advantage of this 
efficient memory addressing mode. 

• Extended 

Refer to Figure 19. Extended addressing is used to reference 
any location in memory space. The EA is the contents of the 
two bytes following the opcode. Extended addressing instruc- 
tions are three bytes long. 

• Relative 

Refer to Figure 20. The relative addressing mode applies only 
to the branch instructions. In this mode the contents of the 
byte following the opcode is added to the program counter 
when the branch is taken. EA=(PC)+2+Rel. Rel is the contents 
of the location following the instruction opcode with bit 7 
being the sign bit. If the branch is not taken Rel=0, when a 
branch takes place, the program goes to somewhere within the 
range of +129 bytes to -127 of the present instruction. These 
instructions are two bytes long. 

• Indexed (No Offset) 

Refer to Figure 21. This mode of addressing accesses the 
lowest 256 bytes of memory. These instructions are one byte 
long and their EA is the contents of the index register. 

• Indexed (8-bit Offset) 

Refer to Figure 22. The EA is calculated by adding the 
contents of the byte following the opcode to the contents of 
the index register. In this mode, 5 1 1 low memory locations are 
accessable. These instructions occupy two bytes. 

• Indexed (16-bit Offset) 

Refer to Figure 23. This addressing mode calculates the EA 
by adding the contents of the two bytes following the opcode 
to the index register. Thus, the entire memory space may be 
accessed. Instructions which use this addressing mode are three 
bytes long. 



• Bit Set/Clear 

Refer to Figure 24. This mode of addressing applies to 
instructions which can set or clear any bit on page zero. The 
lower three bits in the opcode specify the bit to be set or 
cleared while the byte following the opcode specifies the 
address in page zero. 

• Bit Test and Branch 

Refer to Figure 25. This mode of addressing applies to 
instructions which can test any bit in the first 256 locations 
($00-$FF) and branch to any location relative to the PC. The 
byte to be tested is addressed by the byte following the opcode. 
The individual bit within that byte to be tested is addressed by 
the lower three bits of the opcode. The third byte is the relative 
address to be added to the program counter if the branch condi- 
tion is met. These instructions are three bytes long. The value of 
the bit tested is written to the carry bit in the condition code 
register. 

• Implied 

Refer to Figure 26. The implied mode of addressing has no 
EA. All the information necessary to execute an instruction is 
contained in the opcode. Direct operations on the accumulator 
and the index register are included in this mode of addressing. 
In addition, control instructions such as SWI, RTI belong to this 
group. All implied addressing instructions are one byte long. 

■ INSTRUCTION SET 

The MCU has a set of 59 basic instructions. They can be 
divided into five different types: register/memory, read/modify/ 
write, branch, bit manipulation, and control. The following 
paragraphs briefly explain each type. All the instructions within 
a given type are presented in individual tables. 

• Register/Memory Instructions 

Most of these instructions use two operands. One operand is 
either the accumulator or the index register. The other operand 
is obtained from memory using one of the addressing modes. 
The jump unconditional (JMP) and jump to subroutine (JSR) 
instructions have no register operand. Refer to Table 2. 

• Read/Modity/Write Instructions 

These instructions read a memory location or a register, 
modify or test its contents, and write the modified value back 
to memory or to the register. The test for negative or zero 
(TST) instruction is an exception to the read/modify/write 
instructions since it does not perform the write. Refer to Table 
3. 

• Branch Instructions 

The branch instructions cause a branch from the program 
when a certain condition is met. Refer to Table 4. 

• Bit Manipulation Instructions 

These instructions are used on any bit in the first 256 bytes 
of the memory. One group either sets or clears. The other group 
performs the bit test and branch operations. Refer to Table 5. 

• Control Instructions 

The control instructions control the MCU operations during 
program execution. Refer to Table 6. 

• Alphabetical Listing 

The complete instruction set is given in alphabetical order in 
Table 7. 

• Opcode Map 

Table 8 is an opcode map for the instructions used on the 
MCU. 
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Figure 17 Immediate Addressing Example 
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Figure 18 Direct Addressing Example 
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Figure 19 Extended Addressing Example 
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Figure 20 Relative Addressing Example 
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Figure 21 Indexed (No Offset) Addressing Example 
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Figure 22 Indexed (8-Bit Offset) Addressing Example 
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Figure 23 Indexed (16-Bit Offset) Addressing Example 
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Figure 24 Bit Set/Clear Addressing Example 
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Figure 25 Bit Test and Branch Ad 
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Figure 26 Implied Addressing Example 
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Table 2 Register/Memory Instructions 





Mnemonic 


Addressing Modes 


Function 


Immediate 


Direct 


Extended 


Indexed 
(No Offset) 


Indexed 
(8-Bit Offset) 


Indexed 
(16-Bit Offset) 




Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Load A from Memory 


LDA 


A6 


2 


2 


B6 


2 


4 


C6 


3 


5 


F6 




4 


E6 


2 


5 


D6 


3 


6 


Load X from Memory 


LDX 


AE 


2 


2 


BE 


2 


4 


CE 


3 


5 


FE 




4 


EE 


2 


5 


DE 


3 


6 


Store A in Memory 


STA 


- 


- 


- 


B7 


2 


5 


C7 


3 


6 


F7 




5 


E7 


2 


6 


07 


3 


7 


Store X in Memory 


STX 


- 


- 


- 


BF 


2 


5 


CF 


3 


6 


FF 




5 


EF 


2 


6 


DF 


3 


7 


Add Memory to A 


ADO 


AB 


2 


2 


BB 


2 


4 


CB 


3 


5 


FB 




4 


EB 


2 


5 


DB 


3 


6 


Add Memory and 
Carry to A 


ADC 


A9 


2 


2 


B9 


2 


4 


C9 


3 


5 


F9 




4 


E9 


2 


5 


D9 


3 


6 


Subtract Memory 


SUB 


AO 


2 


2 


BO 


2 


4 


CO 


3 


5 


FO 




4 


EO 


2 


5 


00 


3 


6 


Subtract Memory from 
A with Borrow 


SBC 


A2 


2 


2 


B2 


2 


4 


C2 


3 


5 


F2 




4 


E2 


2 


5 


D2 


3 


6 


AND Memory to A 


AND 


A4 


2 


2 


B4 


2 


4 


C4 


3 


5 


F4 




4 


E4 


2 


5 


04 


3 


6 


OR Memory with A 


ORA 


AA 


2 


2 


BA 


2 


4 


CA 


3 


5 


FA 




4 


EA 


2 


5 


DA 


3 


6 


Exclusive OR Memory 
with A 


EOR 


A8 


2 


2 


B8 


2 


4 


C8 


3 


S 


F8 




4 


E8 


2 


5 


D8 


3 


6 


Arithmetic Compare A 
with Memory 


CMP 


A1 


2 


2 


B1 


2 


4 


C1 


3 


5 


F1 




4 


E1 


2 


5 


01 


3 


6 


Arithmetic Compare X 
with Memory 


CPX 


A3 


2 


2 


B3 


2 


4 


C3 


3 


5 


F3 




4 


E3 


2 


5 


D3 


3 


6 


Bit Test Memory with A 
(Logical Compare) 


BIT 


AS 


2 


2 


B5 


2 


4 


C5 


3 


5 


F5 




4 


E5 


2 


5 


D5 


3 


6 


Jump Unconditional 


JMP 


- 


- 


- 


BC 


2 


,3 


CC 


3 


4 


FC 




3 


EC 


2 


4 


DC 


3 


S 


Jump to Subroutine 


JSR 


- 


- 


- 


BD 


2 


7 


CD 


3 


8 


FD 




7 


ED 


2 


8 


OD 


3 


9 



Table 3 Read/Modify/Write Instructions 





Mnemonic 


Addressing Modes 


Function 


Implied (A) 


Implied (X) 


Direct 


Indexed 
(No Offset) 


Indexed 
(8-Bit Offset) 




Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Increment 


INC 


4C 




4 


5C 


1 


4 


3C 


2 


6 


7C 




6 


6C 


2 




Decrement 


DEC 


4A 




4 


5A 


1 


4 


3A 


2 


6 


7A 




6 


6A 


2 




Clear 


CLR 


4F 




4 


5F 


1 


4 


3F 


2 


6 


7F 




6 


6F 


2 




Complement 


COM 


43 




4 


53 


1 


4 


33 


2 


6 


73 




6 


63 


2 




Negate 

(2's Complement) 


NEG 


40 




4 


50 


1 


4 


30 


2 


6 


70 




6 


60 


2 




Rotate Left Thru Carry 


ROL 


49 




4 


59 


1 


4 


39 


2 


6 


79 




6 


69 


2 




Rotate Right Thru Carry 


ROR 


46 




4 


56 


1 


4 


36 


2 


6 


76 




6 


66 


2 




Logical Shift Left 


LSL 


48 




4 


58 


1 


4 


38 


2 


6 


78 




6 


68 


2 




Logical Shift Right 


LSR 


44 




4 


54 


1 


4 


34 


2 


6 


74 




6 


64 


2 




Arithmetic Shift Right 


ASR 


47 




4 


57 


1 


4 


37 


2 


6 


77 




6 


67 


2 




Arithmetic Shift Left 


ASL 


48 




4 


58 


1 


4 


38 


2 


6 


78 




6 


68 


2 




Test for Negative or 
Zero 


TST 


4D 




4 


5D 


1 


4 


3D 


2 


6 


7D 




6 


6D 


2 





Sr HITACHI 



213 



HD6805V1- 



Table 4 Branch Instructions 





Mnemonic 


Relative Addressing Mode 


Function 


Op 
Code 


# 
Bytes 


# 
Cycles 


Branch Always 


BRA 


20 


2 


4 


Branch Never 


BRN 


21 


2 


4 


Branch IF Higher 


BHI 


22 


2 


4 


Branch IF Lower or Same 


BLS 


23 


2 


4 


Branch IF Carry Clear 


BCC 


24 


2 


4 


(Branch IF Higher or Same) 


(BHS) 


24 


2 


4 


Branch IF Carry Set 


BCS 


25 


2 


4 


(Branch IF Lower) 


(BLO) 


25 


2 


4 


Branch IF Not Equal 


BNE 


26 


2 


4 


Branch IF Equal 


BEQ 


27 


2 


4 


Branch IF Half Carry Clear 


BHCC 


28 


2 


4 


Branch IF Half Carry Set 


BHCS 


29 


2 


4 


Branch IF Plus 


BPL 


2A 


2 


4 


Branch IF Minus 


BMI 


2B 


2 


4 


Branch IF Interrupt Mask Bit is Clear 


BMC 


2C 


2 


4 


Branch IF Interrupt Mask Bit is Set 


BMS 


2D 


2 


4 


Branch IF Interrupt Line is Low 


BIL 


2E 


2 


4 


Branch IF Interrupt Line is High 


BIH 


2F 


2 


4 


Branch to Subroutine 


BSR 


AD 


2 


8 





Table 5 Bit Manipulation Instruct 


ons 










Mnemonic 


Addressing Modes 


Function 


Bit Set/Clear 


Bit Test and Branch 




Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Branch IF Bit n is set 


BRSETn (n=0 7) 


- 


- 


- 


2-n 


3 


10 


Branch IF Bit n is clear 


BRCLRn (n=0 7) 


- 


- 


- 


X)1+2-n 


3 


10 


Set Bit n 


BSETn (n=0 7) 


10+2-n 


2 


7 


- 


- 


- 


Clear bit n 


BCLR n (n=0 7) 


11+2-n 


2 


7 


- 


- 


- 



Table 6 Control Instructions 





Mnemonic 


Implied 


Function 


Op 
Code 


# 
Bytes 


# 
Cycles 


Transfer A to X 


TAX 


97 




2 


Transfer X to A 


TXA 


9F 




2 


Set Carry Bit 


SEC 


99 




2 


Clear Carry Bit 


CLC 


98 




2 


Set Interrupt Mask Bit 


SEI 


9B 




2 


Clear Interrupt Mask Bit 


CLI 


9A 




2 


Software Interrupt 


SWI 


83 




11 


Return from Subroutine 


RTS 


81 




6 


Return from Interrupt 


RTI 


80 




9 


Reset Stack Pointer 


RSP 


9C 




2 


No-Operation 


NOP 


9D 




2 
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Table 7 Instruction Set 





Addressing Modes 


Condition Code 


Mnemonic 


Implied 


Imme- 
diate 


Direct 


Ex- 
tended 


Re- 
lative 


Indexed 

(No 
Offset) 


Indexed 
(8 Bits) 


Indexed 
(16 Bits) 


Bit 
Set/ 
Clear 


Bit 
Test & 
Branch 


H 


1 


N 


Z 


C 


ADC 




X 


X 


x 




X 


X 


x 






A 




A 


A 


A 


ADD 




X 


X 


X 




X 


X 


X 






A 




A 


A 


A 


AND 




X 


X 


X 




X 


X 


X 










A 


A 


• 


ASL 


x 




X 






X 


X 












A 


A 


A 


ASR 


X 




X 






X 


X 












A 


A 


A 


BCC 










X 






















BCLR 


















X 














BCS 










X 






















BEQ 










X 






















BHCC 










X 






















BHCS 










X 






















BHI 










X 






















BHS 










X 






















BIH 










X 






















BIL 










X 






















BIT 




X 


X 


X 




X 


X 


X 










A 


A 




BLO 










X 






















BLS 










X 






















BMC 










X 






















BMI 










X 






















BMS 










X 






















BNE 










X 






















BPL 










X 






















BRA 










X 






















BRN 










X 






















BRCLR 




















X 










A 


BRSET 




















X 










A 


BSET 


















X 














BSR 










X 






















CLC 


X 






























CLI 


X 






























CLR 


X 




X 






X 


X 















1 




CMP 




X 


X 


X 




X 


X 


X 










A 


A 


A 


COM 


X 




X 






X 


X 












A 


A 


1 


CPX 




X 


X 


X 




X 


X 


X 










A 


A 


A 


DEC 


X 




X 






X 


X 












A 


A 


• 


EOR 




X 


X 


X 




X 


X 


X 










A 


A 


• 


INC 


X 




X 






X 


X 












A 


A 


• 


JMP 






X 


X 




X 


X 


X 










• 


• 


• 


JSR 






X 


X 




X 


X 


X 










• 


• 


• 


LDA 




X 


X 


X 




X 


X 


X 










A 


A 


• 


LDX 




X 


X 


X 




X 


X 


X 










A J A 


• 



Condition Code Symbols: 
H Half Carry (From Bit 3) 
I Interrupt Mask 
N Negative (Sign Bit) 
Z Zero 



C Carry Borrow 

A Test and Set if True, Cleared Otherwise 

• Not Affected 



(to be continued) 
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Table 7 Instruction Set 





Addressing Modes 


Condition Code 


Mnemonic 


Implied 


Imme- 
diate 


Direct 


Ex- 
tended 


Re- 
lative 


Indexed 

(No 
Offset) 


Indexed 
(8 Bits) 


Indexed 
(16 Bits) 


Bit 
Set/ 
Clear 


Bit 
Test & 
Branch 


H 


1 


N 


Z 


C 


LSL 


X 




X 






X 


X 












A 


A 


A 


LSR 


X 




X 






X 


X 















A 


A 


NEG 


X 




X 






X 


X 












A 


A 


A 


NOP 


X 






























ORA 




X 


X 


X 




X 


X 


X 










A 


A 


• 


ROL 


X 




X 






X 


X 












A 


A 


A 


ROR 


X 




X 






X 


X 












A 


A 


A 


RSP 


X 






























RTI 


X 
























7 


7 


7 


RTS 


X 






























SBC 




X 


X 


X 




X 


X 


X 










A 


A 


A 


SEC 


X 
























• 


• 


1 


SEI 


X 
























• 


• 


• 


STA 






X 


X 




X 


X 


X 










A 


A 


• 


STX 






X 


X 




X 


X 


X 










A 


A 


• 


SUB 




X 


X 


X 




X 


X 


X 










A 


A 


A 


SWI 


X 
























• 


• 


• 


TAX 


X 






























TST 


X 




X 






X 


X 












A 


A 


• 


TXA 


X 































Condition Code Symbols: 
H Half Carry (From Bit 3) 
I Interrupt Mask 
N Negative (Sign Bit) 
Z Zero 



C Carry/Borrow 

A Test and Set if True, Cleared Otherwise 

• Not Affected 

? Load CC Register From Stack 



216 



HITACHI 



-HD6805V1 



Table 8 Opcode Map 





Bit Manic 


ulation 


Branch 


Read/Modify /Write 


Control 


Register/Memory 






Test & 
Branch 


Set/ 
Clear 


Rel 


DIR 


A 


X 


,X1 


,xo 


IMP 


IMP 


I MM 


DIR 


EXT 


,X2 


.X1 


,X0 









1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 


-HIGH 





BRSETO 


BSETO 


BRA 


NEG 


RTI* 


- 


SUB 





1 


BRCLRO 


BCLRO 


BRN 


- 


RTS* 


- 


CMP 


1 


2 


BRSET1 


BSET1 


BHI 


- 


- 


- 


SBC 


2 


3 


BRCLR1 


BCLR1 


BLS 


COM 


SWI* 


- 


CPX 


3 L 


4 


BRSET2 


BSET2 


BCC 


LSR 


- 


- 


AND 


4 


5 


BRCLR2 


BCLR2 


BCS 


- 


- 


- 


BIT 


5 W 


6 


BRSET3 


BSET3 


BNE 


ROR 


- 


- 


LDA 


6 


7 


BRCLR3 


BCLR3 


BEQ 


ASR 


- 


TAX 


- | STA(+1) 


7 


8 


BRSET4 


BSET4 


BHCC 


LSL/ASL 


- 


CLC 


EOR 


8 


9 


BRCLR4 


BCLR4 


BHCS 


ROL 


- 


SEC 


ADC 


9 


A 


BRSET5 


BSET5 


BPL 


DEC 


- 


CLI 


ORA 


A 


B 


BRCLR5 


BCLR5 


BMI 


- 


- 


SEI 


ADD 


B 


C 


BRSET6 


BSET6 


BMC 


INC 


_ 


RSP 


- 


JMP(-I) 


C 


D 


BRCLR6 


BCLR6 


BMS 


TST 


- 


NOP 


BSR* 


JSR<-3) 


D 


E 


BRSET7 


BSET7 


BIL 


_ 


_ 


- 


LDX 


E 


F 


BRCLR7 


BCLR7 


BIH 


CLR 


- 


TXA 


- 


STX(+1) 


F 




3/10 


2/7 


2/4 


2/6 | 1/4 | 1/4 | 2/7 | 1/6 


1/* 


1/2 


2/2 


2/4 | 3/5 | 3/6 | 2/5 | 1/4 





(NOTE) 1. Undefined opcodes are marked with "—". 

2. The" number at the bottom of each column denote the number of bytes and the number of cycles required (Bytes/Cycles). 
Mnemonics followed by a "*" require a different number of cycles as follows: 

RTI 9 

RTS 6 

SWI 11 

BSR 8 

3. ( ) indicate that the number in parenthesis must be added to the cycle count for that instruction. 
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HD6805T2 

MCU (Microcomputer Unit with PLL Logic) 

-ADVANCE INFORMATION- 



The HD6805T2 is the 8-bit Microcomputer Unit (MCU) 
which contains a CPU, on-chip clock, ROM, RAM, I/O, Timer 
and the PLL Logic for an RF synthesizer. It is designed for the 
user who needs an economical microcomputer with the proven 
capabilities of the HD6800-based instruction set. 

The following are some of the hardware and software high- 
lights of the MCU. 

■ HARDWARE FEATURES 

• 8-Bit Arthitecture 

• 64 Bytes of RAM 

• Memory Mapped I/O 

• 2508 Bytes of User ROM 

• Internal 8-Bit Timer with 7-Bit Prescaler 

• Timer Start/Stop and Source Select 

• Vectored Interrupts - External and Timer 

• 19 TTL/CMOS Compatible I/O Lines; 8 Lines are LED com- 
patible 

• On-Chip Clock Circuit 

• Self-Check Mode 

• Master Reset 

• Low Voltage Inhibit 

• 14-Bit Binary Variable Divider 

• 10-Stage Mask-Programmable Reference Divider 

• Three-State Phase and Frequency Comparator 

• Suitable for TV Frequency Synthesizers 

• 5 Vdc Single Supply 

■ SOFTWARE FEATURES 

• Similar to HD6800 

• Byte Efficient Instruction Set 

• Easy to Program 

• True Bit Manipulation 

• Bit Test and Branch Instructions 

• Versatile Interrupt Handing 

• Powerful Indexed Addressing for Tables 

• Full Set of Conditional Branches 

• Memory Usable as Registers/Flags 

• Single Instruction Memory Examine/Change A 

• 10 Powerful Addressing Modes Port 2 

• All Addressing Modes Apply to ROM, RAM and I/O ,*, 2 

• Compatible with MC6805T2 Lln " * 




PIN ARRANGEMENT 



v ss U 


V- 


J 


j§RE5 


INT [7 






53 A, 


V C C GE 






Ha, 


EXTAL [T 






[|A, 


XTALf? 






3 A, 


NUM [? 






JlA, 


0COMP[7 
Co /Timer GE 


HD6805T2 


j|A, 

13 A, 


C, r? 






jj§A, 


C, 51 






J3B, 


fin in 






ia|B. 


Bo m 






n) B, 


b, |T5 






He. 


B a |u 






H)b, 




(Top View) 




■ BLOCK DIAGRAK 


1 






XTAL EXTAL 


HIS NUM 


InT 



.. . 






~ 


Port 

B 
Rag. 


Oata 
Dit 
Rag. 









h£ 



Coda 
5 RagUtir cc 



Countar 
4 "High" pch 

Countar 
8 "Low" PCL 



k±£ 



Data 

H Dir 

Reg. 



Comparator 
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HD6805W1 

MCU (Microcomputer Unit) _ prel , M inary 



The HD6805W1 is an 8-bit microcomputer unit (MCU) 
which contains a CPU, on-chip clock, ROM, RAM, standby 
RAM, an A/D Converter, I/O and two timers. It is a member of 
the HD6805 family which is designed for user who needs an 
economical microcomputer with proven capabilities of the 
HD6800-based instruction set. 

The following are some of the hardware and software high- 
lights of the MCU. 



HARDWARE FEATURES 

8-Bit Architecture 

96 Bytes of RAM 

(8 bytes are standby RAM functions) 

Memory Mapped I/O 

3848 Bytes of User ROM 

Internal 8-Bit Timer (Timer 1) with 7-Bit Prescaler 

Internal 8-Bit Programmable Timer (Timer 2) 

Interrupts — 2 External and 4 Timers 

23 TTL/CMOS compatible I/O Lines; 8 Lines Directly 

Drive LEDs. 

On-Chip 8-Bit, 4-Channel A/D Converter 

On-Chip Clock Circuit 

Self-Check Mode 

Master Reset 

Low Voltage Inhibit 

Complete Development System Support by Evaluation Kit 

5 Vdc Single Supply 

SOFTWARE FEATURES 

Similar to HD6800 

Byte Efficient Instruction Set 

Easy to Program 

True Bit Manipulation 

Bit Test and Branch Instructions 

Versatile Interrupt Handing 

Powerful Indexed Addressing for Tables 

Full Set of Conditional Branches 

Memory Usable as Registers/Flags 

Single Instruction Memory Examine/Change 

10 Powerful Addressing Modes 

All Addressing Modes Apply to ROM, RAM and I/O 

Compatible with MC6805P2, HD6805S1 and HD6805V1 




PIN ARRANGEMENT 



vss [T 


O 


40l 


A, 


RAME/RES CZ 




39) 


A. 


INT, E 




38] 


A, 


Vcc IT 




m 


A 4 


extal nr 




361 


A, 


XTALpT 




3J0 


A, 


numIT 




m 


A, 


TIMER nr 




331 


A 


c„ CI 
C, rjo 


HD6805W1 


32] 

ID 


B 7 
B 6 


C, ru 




351 


B, 


c, QI 




29] 


B, 


c, uj; 




281 


B 3 


ic/c, QT 




m 


B, 


OC/C Q|f 




26] 


B, 


TnTT/Do tn 

ANo/D, Q7 




25] 
241 


B, 
AVcc 


AN, /D a QI 




23l 


AVss 


AN, /D 3 QI 




221 


Vrh/D 5 


AN3/D4 Qo 




23 


Vcc Standby 



(Top View) 
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■ BLOCK DIAGRAM 



Prescaler 1 



Timer Data 
8 Register 1 



Timer Control Register 1 



(00- 



(IC)- 



Prescaler 2 



Prescaler Control 
3 Register 2 



Timer Data 
8 Register 2 



Timer 
g Status Register 2 



Output Compare 
8 Register 



Input Capture 
o Register 



Timer Control 
8 Register 2 



Port A 
I/O Lines 



A,— 
Ai — 
A, — 
A,— 
A« — 
As — 
A.— 
A, — 



«. a. 



XTAL EXTAL (RAME) NUM INT, 



Oscillator — . 



Accumulator 
8 A 



Index Register 
8 X 



Condition Code 
Register 
5 CC 



Stack Point 
6 SP 



Program Counter 
"High" 



Program Counter 
" L0W " PCL 



Miscellaneous 
8 Register 



CPU Control 




3848 x 8 
ROM 



96X8 
RAM 



Self Check 
ROM 



(RAME) Vcc Standby 



c 


















S 


ai 


•* »• 










CC 




5S 


a 






a S 








occ 


a. 


— "" 









Port B 
I/O Lines 

B, 
B, 
B, 
B, 
8 4 
B, 
B 6 
B, 



55 

OS 

5 TO 
CD • 

atr 




Port 
D 



ADC 



A/D Control 
Status Register 



A/O Result 
Register 



Port D 
Input Lines 

Do (INT,) 
D, (AN,) 
D, (AN,) 
Dj (AN,) 
D 4 (AN,) 
D, (Vrh) 

ADC Lines 

AV CC 

AVss 

(Vrh) 

(AN,) 

(AN,) 

(AN,) 

(AN,) 



(NOTE) The contents of ( ) items can be changed by software. 
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■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 ~ +7.0 


V 


Input Voltage (EXCEPT TIMER) 


v in 


-0.3 ~ +7.0 


V 


Input Voltage (TIMER) 


-0.3 ~ +12.0 


V 


Operating Temperature 


T<jpr 


~+70 


°C 


Storage Temperature 


'stg 


-55 ~+150 


°C 



(NOTE) This device has an input protection circuit for high quiescent voltage and field, however, be careful not 
to impress a high input voltage than the insulation maximum value to the high input impedance circuit. 
To insure normal operation, the following are recommended for Vj n and V out : 
Vss g <V in or V out ) ^ V CC 



ELECTRICAL CHARACTERISTICS 

DC CHARACTERISTICS (Vcc = 5.25V ±0.5V, V^ = GND, Ta = 0~+70°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 




RES 


V,H 




4.0 


- 


Vcc 


V 


Input "High" Voltage 


INT,. FN?! 




3.0 


- 


Vcc 


V 




All Others 




2.0 


- 


Vcc 


V 


Input "High" Voltage Timer 


Timer Mode 




2.0 


- 


Vcc 


V 


Self-Check Mode 




9.0 


- 


11.0 


V 




RES 


V.L 




-0.3 


- 


0.8 


V 


Input "Low" Voltage 


INT, , INT 2 




-0.3 


- 


0.8 


V 


All Others 
(except EXTAL) 




-0.3 


- 


0.8 


V 


Power Dissipation 


P D 




- 


- 


750 


mW 


Low Voltage Recover 


LVR 




- 


- 


4.75 


V 


Low Voltage Inhibit 


LVI 




- 


4.0 


- 


V 




TIMER 


IlL 


V in =0.4V~V cc 


-20 


- 


20 


AtA 


Input Leak Current 


INnr,,INT2 


-50 


- 


50 


/"A 




EXTALfCrystal Mode) 


-1200 


- 





A«A 


Standby Voltage 


Nonoperation Mode 


V SBB 




4.0 


- 


Vcc 


V 


Operation Mode 


V S B 




4.75 


- 


V C c 


Standby Current 


Nonoperation Mode 


'SBB 


V SBB =4.0V 


- 


- 


3 


mA 



• AC CHARACTERISTICS (V cc 


= 5.25V ±0.5V, Vgs = GND, Ta = ~ +70°C, unless otherwise noted.) 








Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Clock Frequency 


fcl 




0.4 


- 


4.0 


MHz 


Cycle Time 


t C y C 




1.0 


- 


10 


MS 


Oscillation Frequency (External Resistor Mode) 


*EXT 


R C p=15.0kn±1% 


- 


3.4 


- 


MHz 


TNTI Pulse Width 


t|WL 




t C y C + 

250 


- 


- 


ns 


RES Pulse Width 


tRWL 




t C y C + 

250 


- 


- 


ns 


TIMER Pulse Width 


l TWL 




t C y C + 

250 


- 


- 


ns 


Oscillation Start-up Time (Crystal Mode) 


tosc 


C L =22pF+20% 
R s =60n max. 


- 


- 


100 


ms 


Delay Time Reset 


tflHL 


External Cap. = 2.2 juF 


100 


- 


- 


ms 


I nput Capacitance 


XTAL, V R h/Ds 


C in 


V in =0V 


- 


- 


35 


PF 


All Others 


- 


- 


10 


PF 
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• PORT ELECTRICAL CHARACTERISTICS (V cc 


= 5.25V ±0.5V, Vss = GND, Ta = 


~ +70°C, unless otherwise noted.) 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 




Port A 


Vqh 


l OH =-10/uA 


3.5 


- 


- 


V 




l OH =-100/iA 


2.4 


- 


- 


V 


Output "High" Voltage 


Port B 


I oh =-200/iA 


2.4 


- 


- 


V 




l OH = -1 mA 


1.5 


- 


- 


V 




PortC 


Ioh =-100mA 


2.4 


- 


- 


V 




Ports A and C 


Vol 


l OL = 1.6 mA 


- 


- 


0.5 


V 


Output "Low" Voltage 


Port B 


Iol = 3.2 mA 


- 


- 


0.5 


V 




l OL = 10 mA 


- 


- 


1.0 


V 


Input "High" Voltage 


Ports A, B, C 
and D 


V,h 




2.0 


- 


Vcc 


V 


Input "Low" Voltage 


V, L 




-0.3 


- 


0.8 


V 




Port A 


lu- 


V jn = 0.8V 


-500 


- 


- 


/"A 


Input Leak Current 


V in = 2V 


-300 


- 


- ~ 1 


HA 




Ports B,C and D 


V in = 0.4V~V cc 


-20 


- 


20 


MA 



• A/D CONVERTER ELECTRICAL CHARACTERISTICS (V cc = 5.25V±0.5V, Vss = AVss = GMD, Ta = ~ +70°C, unless 

otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Analog Power Supply 
Voltage 


AV CC 




4.75 


5.25 


5.75 


V 


Analog Input Voltage 


AV in 







- 


Vrh 


V 


Reference Voltage 


Vrh 


4.75V < V cc ^ 5.25V 


4.0 


- 


Vcc 


V 


5.25V < V cc £ 5.75V 


4.0 


- 


5.25 


V 


Analog Multiplexer Input 
Capacitance 






- 


- 


7.5 


pF 


Resolution Power 






- 


8 


- 


Bit 


Conversion Time 




at4MHz 


76 


76 


76 


*cyc 


Input Channels 






4 


4 


4 


Channel 


Absolute Accuracy 




Ta = 25°C 


- 


- 


±1.5 


LSB 


Off-channel Leak Current 




AV in = 5.0V, AV CC = 4.75V, Ta = 25°C, 
On-channel AV in = 0V 


- 


10 


100 


nA 


Off -channel Leak Current 




AV in = 0V, AV CC = 4.75V, Ta = 25°C, 
On-channel AV in = 5V 


-100 


-10 


- 


nA 
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TTL Equiv. (Port B) 



TTL Equiv. (Ports A, C and D) 




Test Point 




(NOTE) 1 . Load capacitance includes the floating capacitance of the probe and the jig etc. 
2. All diodes are 1S2074® or equivalent. 



Figure 1 Bus Timing Test Loads 



■ SIGNAL DESCRIPTION 

The input and output signals for the MCU, shown in PIN 
ARRANGEMENT, are described in the following paragraphs. 

• V cc and Vss 

Voltage is supplied to the MCU using these two pins. Vcc ' s 
5.25V +0.5V. Vss is the ground connection. 

• InT,/Tnt1 

This pin provides the capability for asynchronously applying 
an external interrupt to the MCU. Refer to INTERRUPTS 
for additional information. 

• XTALandEXTAL 

These pins provide connections for the on-chip clock circuit. 
A crystal (AT cut, 4 MHz maxiinum), a resistor or an external 
signal can be connected to these pins to provide a system clock 
with various stability/cost tradeoffs. Refer to INTERNAL OS- 
CILLATOR OPTIONS for recommendations about these inputs. 

• TIMER 

This pin allows an external input to be used to count for the 
internal timer circuitry. Refer to TIMER 1 and TIMER 2 for 
additional information about the timer circuitry. 

• RES 

This pin allows resetting of the MCU at times other than the 
automatic resetting capability already in the MCU. Refer to 
RESETS for additional information. 

• NUM 

This pin is not for user application and should be connected 
toV ss . 

• I/O Lines (A ~A 7 ,B ~B 7 ,C ~C 6 ) 

There 23 lines are arranged into three ports (A, B and C). All 
lines are programmable as either inputs or outputs under soft- 
ware control of the Data Direction Register (DDR). Refer to 
INPUT/OUTPUT for additional information. 

• Input Lines (D ~ D s ) 

These are TTL compatible input lines, in location $003. 
These also allow analog inputs to be used for an A/D converter. 
Refer to INPUT for additional information. 



• Vcc Standby 

Vcc Standby provides power to the standby portion of the 
RAM and the STBY PWR and RAME bits of the RAM Control 
Register. Voltage requirements depend on whether the MCU 
is in a powerup or powerdown state. In the powerup state, the 
power supply should provide Vcc an d mus t reach V§b before 
RES reaches 4.0V. During powerdown, Vcc standby must 
remain above Vsbb (min) to sustain the standby RAM and 
STBY PWR bit. While in powerdown operation, the standby 
current will not exceed Isbb • 

It is typical to power both Vcc a °d Vcc Standby from the 
same source during normal operation. A diode must be used 
between them to prevent supplying power to Vcc during 
powerdown operation shown Figure 2. 

To sustain the standby RAM during powerdown, the follow- 
ing software or hardware are needed. 

(1) Software 

When clearing the RAM Enable bit (RAME) which is bit 6 
of the RAM Control Register at location $001 F, the RAM 
is disabled. 

Vcc Standby must remain above Vsbb (min). 

(2) Hardware 

When RAME pin is "Low" before powerdown, the RAM is 
disabled. Vcc Standby must remain above Vsbb (min). 



V cc Standby O • 1^ — O Power Line 



I 



Figure 2 Battery Backup for V cc Standby 



• RAME 

This pin is used for the external control of the RAM. When 
it is "Low" before powerdown, the RAM is disabled. If Vcc 
Standby remains above Vsbb (min), the standby RAM is 
sustained. 
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• AV CC 

This pin is used for the power supply of the A/D converter. 
When high accuracy is required, a different power source from 
V cc is impressed as 

AV CC =5.25+ 0.5V 

Connect to V cc for all other cases. 

• AN ~AN 3 

These pins allow analog inputs to be used for an A/D con- 
verter. These inputs are switched by the internal multiplexer 
and selected by bit and 1 of the A/D Control Status Register 
(ADCSR: $00E). 

• V RH and AVss 

The input terminal reference voltage for the A/D converter is 
"High" (V RH ) or "Low" (AV SS ). AV SS is fixed at 0V. 

• Input Capture (I C) 

This pin is used for input of Timer 2 control, in this case, 
Port C 5 should be configured as input. Refer to TIMER 2 
for more details. 

• Output Compare (OC) 

This pin is used for output of Timer 2 when the Output 



Compare Register is matched with the Timer Data Register 
2. In this case, Port C 6 should be configured as an output. 
Refer to TIMER 2 for more details. 

■ MEMORY 

The MCU memory is configured as shown in Figure 3. During 
the interrupt processing, the contents of the CPU registers are 
pushed onto the stack in the order shown in Figure 4. Since 
the stack pointer decrements during pushes, the low order byte 
(PCL) of the program counter is stacked first; then the high 
order three bits (PCH) are stacked. This ensures that the pro- 
gram counter is loaded correctly as the stack pointer increments 
when it pulls data from the stack. A subroutine call will cause 
only the program counter (PCH, PCL) contents to be pushed 
onto the stack. 



Caution: - Self Test ROM Address Area 

Self test ROM locations can not be used for a user program. 
If the user's program is in this location, it will be removed when 
manufacturing mask for production. 




first 8 bvttt of NAM 
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7 6 5 4 3 2 1 

n + 1 
n+2 
n + 3 
n+4 
n + 5 

For subroutine calls, only PCH and PCL are stacked 
Figure 4 Interrupt Stacking Order 



■ REGISTERS 

The CPU has five registers available to the programmer, 
as shown in Figure 5 and explained below. 



n-4 


1 1 1 


Condition 
Code Register 


n-3 


Accumulator 


n-2 


Index Register 


n-1 


11111 


PCH* 


n 


PCL' 



7 

I * I 

7 

I X I 



I Index Register 



11 

















PC | 


11 










6 5 




















1 


SP 



H I I N Z C 



Program Counter 
Stack Pointer 

Condition Code Register 

— Carry/Borrow 

— Zero 

— Negative 

— Interrupt Mask 

— Half Carry 



Figure 5 Programming Model 



• Accumulator (A) 

The accumulator is a general purpose 8-bit register used to 
hold operands and results of arithmetic calculations or data 
manipulations. 

• Index Register (X) 

The index register is an 8-bit register used for the indexed 
addressing mode and contains an 8-bit address that may be 
added to an offset value to create an effective address. The 
index register can also be used for limited calculations or data 
manipulations when using read/modify/write instructions. When 
not required by a code sequence being executed, the index 
register can be used as a temporary storage area. 

• Program Counter (PC) 

The program counter is a 12-bit register that contains the 
address of the next instruction to be executed. 



• Stack Pointer (SP) 

The stack pointer is a 1 2-bit register that contains the address 
of the next free location on the stack. Initially, the stack point- 
er is set to location $07F and is decremented as data is being 
pushed onto the stack and incremented while data is being 
pulled from the stack. The six most significant bits of the stack 
pointer are permanently set to 000001. During an MCU reset 
or reset stack pointer (RSP) instruction, the stack pointer is 
set to location S07F. Subroutines and interrupts may be nested 
down to location $041 which allows the programmer to use up 
to 3 1 levels of subroutine calls. 

• Condition Code Register (CO 

The condition code register is a 5-bit register in which each 
bit is used to indicate or flag the results of the instruction just 
executed. These bits can be individually tested by a program 
and specific action taken as a result of their state. Each indi- 
vidual condition code register bit is explained below. 

Half Carry (H) 

The half carry bit is used during arithmetic operations (ADD 
or ADC) to indicate that a carry occurred between bits 3 and 4. 

Interrupt (I) 

This bit is set to mask everything. If an interrupt occurs 
while this bit is set, it is latched and will be processed as soon as 
the interrupt bit is reset. 

Negative (N) 

The negative bit is used to indicate that the result of the last 
arithmetic, logical or data manipulation was negative (bit 7 in 
a result equal to a logical one). 

Zero (Z) 

Zero is used to indicate that the result of the last arithmetic, 
logical or data manipulation was zero. 

Carry/Borrow (C) 

Carry/borrow is used to indicate that a carry or borrow out 
of the arithmetic logic unit (ALU) occurred during the last 
arithmetic operation. This bit is also affected during bit test and 
branch instructions, shifts and rotates. 

■ TIMER 1 

The MCU timer circuitry is shown in Figure 6. The 8-bit 
counter, Timer Data Register 1 (TDR1), is loaded under pro- 
gram control and counts down toward zero as soon as the clock 
input is applied. When the TDR1 reaches zero, the timer inter- 
rupt request bit (bit 7) in the Timer Control Register 1 (TCR1) 
is set. The CPU responds to this interrupt by saving the present 
CPU state in the stack, fetching the timer 1 interrupt vector 
from locations $FF8 and $FF9 and executing the interrupt 
routine. The timer 1 interrupt can be masked by setting the 
timer interrupt mask bit (bit 6) in the TCR1. The interrupt 
bit (I bit) in the Condition Code Register also prevents a timer 1 
interrupt from being processed. 

The clock input to the timer 1 can be from an external 
source applied to the TIMER input pin or it can be the internal 
02 signal. When <j> 2 is used as the source, it can be gated by an 
input applied to the TIMER input pin allowing the user to 
easily perform pulse-width measurements. The timer 1 con- 
tinues to count past zero, falling through to $FF from zero 
and then continuing the count. Thus, the counter (TDR1) 
can be read at any time by reading the TDR1 . This allows a 
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program to determine the length of time since a timer interrupt 
has occurred and not disturb the counting process. 

At power-up or reset, the prescaler and the counter (TDR1) 
are initialized with all logical ones; the timer 1 interrupt request 



bit (bit 7) is cleared and the timer 1 interrupt mask bit (bit 6) 
is set. In order to release the timer 1 interrupt, bit 7 of the 
TCR1 must be cleared by software. 

(NOTE) If the MCU Timer 1 and Timer 2 are not used, the 
TIMER input pin must be grounded. 



(Internal Clock) 
02 
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TIMER Input Pin 



1 1 1 1 I 1 t 
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TIF 



Multiplexer 



Timer Data Register 1 (TDR1 : $008) 

Time Out 



Clock 
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8 bit Counter 



I Timer Control Register 1 (TCR1) 
($009) 



MS2 



MS1 



Write Read 



Figure 6 Timer Clock 



• Timer Control Register 1 (TCR1: $009) 

The Timer Control Register 1 (TCR1) can control selection 
of clock input source and prescaler dividing ratio and timer 
interrupt. 

Timer Control Register 1 (TCR1: $009) 
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Prescaler Dividing Ratio 
Clock Input Source 
Timer Interrupt Mask 
Timer Interrupt Request Flag 



As shown in Table 1 , the selection of the clock input source 
is ISO and IS1 in the TCR1 (bit 4 and bit 5) and 3 kinds of 
input are selectable. At reset, internal clock 2 controlled by 
the TIMER input (bit 4=1 , bit5=0) is selected. 

The prescaler dividing ratio is selected by MSO, MSI, and 
MS2 in the TCR1 (bit 0, bit 1, bit 2) as shown in Table 2. The 
dividing ratio is selectable from eight ways (-H, -5-2, -M-, -i-8, 
•H6, *32, -^64, -s-128). At reset, -H mode is selected. The pre- 
scaler is initialized by writing in the TDR1 . 

Timer 1 interrupt mask bit (TIM) allows the Timer 1 into 



interrupt at "0" and masks at "1". Timer 1 interrupt causes 
Timer 1 interrupt request bit (TIF) to be set. TIF must be 
cleared by software. 





Table 1 Selection of Clock Input Source 
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Clock Input Source 


Bit 5 


Bit 4 
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Event Input From TIMER 


* The TIMER input pin must be tied to Vco for uncontrolled 0j 
clock input. 

Table 2 Selection of Prescaler Dividing Ratio 
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Prescaler Dividing Ratio 
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■ TIMER 2 

The HD6805W1 includes an 8-bit programmable timer 
(Timer 2) which can not only measure the input waveform but 
also generate the output waveform. The pulse width for both 
input and output waveform can be varied from several micro- 
seconds to several seconds. 

(NOTE) If the MCU Timer 1 and Timer 2 are not used, the 
TIMER input pin must be grounded. 

Timer 2 hardware consists of the fallowings. 



• an 8-bit control register 2 

• an 8-bit status register 2 

• an 8-bit timer data register 2 

• an 8-bit output compare register 

• an 8-bit input capture register 

• a 5-bit prescaler control register 2 

• a 7-bit prescaler 2 

A block diagram of the timer 2 is shown in Figure 7. 
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Tinier Data Re gister 2 (TDR2: $01 C) 
Overflow 



_J 8 bit Free 

Running Counter 



OCICJ 



IC(C 5 ) 



-<^MP 



8 

-¥- 
8 
h / 
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Internal Interrupts Request -Signal 
Figure 7 Block Diagram of Timer 2 



• Timer Data Register 2 (TDR2: $01C) 

The main part of the Timer 2 is the 8-bit Timer Data Register 
2 (TDR2) as free-running counter, which is driven by internal 
clock <j>2 or the TIMER input and increments the value. The 
values in the counter is always readable by software. 

The Timer Data Register 2 is Read/Write register and is 
cleared at reset. 

• Output Compare Register (OCR: $01 D) 

The Output Compare Register (OCR) is an 8-bit Read/ 
Write register used to control an output waveform. The contents 
of this register are always compared with those of the TDR2. 
When these two contents conform to each other, the flag (OCF) 
in the Timer Status Register 2 (TCR 2) is set and the value of 
the output level bit (OLVL) in the TCR2 is transferred to Port 
Cs (OC). 



If Port Ce's Data Direction Register (DDR) is "1" (output), 
this value will appear at Port Ce (OC). Then the values of OCF 
and OLVL can be changed for the next compare. The OCR is 
set to $FF at reset. 

• Input Capture Register (ICR: $01E) 

The Input Capture Register (ICR) is an 8-bit Read-only regis- 
ter used to store the value of the TDR2 when Port Cs (IC) 
input transition occurs as defined by the input edge bit (IEDG) 
of the TCR2. 

In order to apply Port Cs (IC) input to the edge detect 
circuit, the DDR of Port Cs should be cleared ("0").* 

To ensure an input capture under all condition, Port Cs (IC) 
input pulse width should be 2 Enable-cycles at least. 
♦The edge detect circuit always senses Port Cs (IC) even if the 
DDR is set with Port Cs output. 
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• Timer Control Register 2 (TCR2: $01 B) 

The Timer Control Register 2 (TCR2) consists of an 5-bit 
register of which all bits can be read and written. 

Timer Control Register 2 (TCR2: $01B) 
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Bit OLVL Output Level 

This bit will appear at Port C6 when the value in the TDR2 
equals the value in the OCR, if the DDR of Port C6 is set. It is 
cleared by reset. 

Bit 1 IEDG Input Edge 

This bit determines which level transition of Port Cs (IC) 
input will trigger a data store to ICR from the TDR2. When this 
function is used, it is necessary to clear DDR of Port Cs . When 
IEDG = 0, the negative edge triggers ("High" to "Low" transi- 
tion). When IEDG = 1, the positive edge triggers ("Low" to 
"High" transition). It is cleared by reset. 

Bit 2 TOIM Timer Overflow Interrupt Mask 

When this bit is cleared, internal interrupt (TOI) is enabled 
by TOF interrupt but when set, interrupt is inhibited. 

Bit 3 OCIM Output Compare Interrupt Mask 

When this bit is cleared, internal interrupt (OCI) by OCF 

interrupt occurs. When set, interrupt is inhibited. 

Bit 4 ICIM Input Capture Interrupt Mask 

When this bit is cleared, internal interrupt (ICI) by ICF 
interrupt occurs. When set, interrupt is inhibited. 

• Timer Status Register 2 (TSR2: $01 A) 

The Timer Status Register 2 (TSR2) is an 8-bit read-only 
register which indicates that ; 

(1) A proper level transition has been detected on the input 
pin with a subsequent transfer of the TDR2 value to the 
ICR (ICF). 

(2) A match has been found between the TDR2 and the OCR 
(OCF). 

(3) The TDR2 is zero (TOF). 

Each of the event can generate 3 kinds of internal interrupt 
request and is controlled by an individual inhibit bits in the 
TCR2. If the I bit in the Condition Code Register is cleared, 
priority vectors are generated in response to clearing each 
interrupt mask bit. Each bit is described below. 
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Bit 6 OC F Output Compare Flag 

This read-only bit is set when a match is found between the 
OCR and the TDR2. It is cleared by reading the TSR2 and then 
writing to the OCR. 

Bit 7 ICF Input Capture Flag 

This read-only bit is set to indicate a proper level transition 
and cleared by reading the TSR2 and then reading the TCR2. 

User can write into port C6 by software. 

Accordingly, after port C6 has output by hardware and is 
immediately write into by software, simultaneous cyclic pulse 
control with a short width is easy. 

• Prescaler Control Register 2 (PCR2: $019) 

The selection of clock input source and prescaler dividing 
ratio are performed by the Prescaler Control Register 2 (PCR2). 



Prescaler Control Register 2 (PCR2: $019) 
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Prescaler Dividing Ratio 
Clock Input Source 



The selection of clock input source is performed in three 
different ways by bit 4 and bit 5 of the PCR2, as shown in 
Table 3. At reset, internal clock fa controlled by the TIMER 
input (bit 4 = 1, bit 5 = 0) is selected. 

The prescaler dividing ratio is selected by three bits in the 
PCR2 (bits 0, 1, 2), as shown in Table 4. The dividing ratio 
can be selected in 8 ways (4-1 , -f2, -r4, -=-8, -H6, -r32, ^64, -H28). 
At reset, -H (bit = bit 1 = bit 2 = 0) is selected. 

When writing into the PCR2, or when writing into the TDR2, 
prescaler is initialized to $FF. 



Table 3 Selection of Clock Input Source 
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' The TIMER input pin must be tied to Vgc for uncontrolled 0i 
clock input. 



Bit 5 TOF Timer Overflow Flag 

This read-only bit is set when the TDR2 contains $00. 
It is cleared by reading the TSR2 followed by reading of the 
TDR2. 
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Table 4 


Selection of Prescaler 


Dividing Ratio 
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■ SELF CHECK 

The MCU self check easily determines whether the LSI 
functions normally or not. When the MCU is connected as 
shown in Fig. 8, the outputs of port C3 (LED) flicker in normal 
operation. 

■ RESETS 

The MCU can be reset three ways; by initial power-up, by 
the external reset input (RES) and by an optional internal low 
voltage detect circuit, see Figure 9. All the I/O ports are in- 
itialized to input mode (DDRs are cleared) during reset. 

During power-up, a minimum 100 milliseconds is needed 
before allowing the RES input to go "High". This time allows 
the internal crystal oscillator to stabilize. Connecting a capacitor 
to the RES input, as shown in Figure 10, typically provides 
sufficient delay. 



CAUTION 

The flag of the TSR2 will be sometimes cleared when mani- 
pulating or testing the TSR2 by Read/Modify/Write instruction 
shown in Table 5. Don't use these instructions for read/write/ 
test operation of the TSR2 flags. 

Table 5 Read/Modify/Write Instruction 
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Op Code 
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Figure 8 Self Check Connections 
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Figure 9 Power Up and Reset Timing 

HITACHI 



Figure 10 Power Up Reset Delay Circuit 



229 



HD6805W1- 



■ INTERNAL OSCILLATOR OPTIONS 

The internal oscillator circuit is designed to require a mini- 
mum of external components. A crystal (AT cut, 4 MHz max), 
a resistor, a jumper wire or an external signal may be used to 
generate a system clock with various stability/cost tradeoffs. 
A manufacturing mask option is required to select either the 



crystal oscillator or the RC oscillator circuit. Four different 
connection methods are shown in Figure 1 1 . Crystal specifi- 
cations are given in Figure 12. A resistor selection graph is 
shown in Figure 13. EXTAL may be driven with a duty cycle 
of 50% with XTAL connected to ground. 
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Figure 1 1 Internal Oscillator Options 
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■ INTERRUPTS 

The MCU can be interrupted in seven different ways: through 
external interrupt input pin (INTi and INT2), internal timer 
interrupt request (Timer 1, ICI, OCI and OFI) and a software 
interrupt instruction (SWI). INT2 and Timer 1 are generated by 
the same vector address. When interrupt occurs, processing 
of the program is suspended, the present CPU state is pushed 
onto the stack in the order shown in Figure 4. The interrupt 
mask bit (I) of the Condition Code Register is set and the ex- 
ternal routine priority address is achieved from the special ex- 
ternal vector address. After that, the external interrupt 
routine is executed. The interrupt service routines normally 
end with a return from interrupt (RTI) instruction which allows 
the CPU to resume processing of the program prior to the inter- 
rupt. The priority interrupts are shown in Table 6 with the 
vector address that contains the starting address of the appro- 
priate interrupt routine. The interrupt sequence is shown as 
a flowchart in Figure 14. 



Table 6 Interrupt Priorities 



Interrupt 


Priority 


Vector Address 


RES 
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$FFE,$FFF 


SWI 
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$FFC,$FFD 
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Figure 14 Interrupt Flowchart 
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• Miscellaneous Register (MR: $00A) 

The vector address generated by the external interrupt 
(INT2) is the same as that of TIMER 1 as shown in Table 6. 
The Miscellaneous Register (MR) control s the I NT2 interrupt. 

B it 7 (IRF) of the MR is used as a n INT2 interrupt request 
flag. I NT2 interrupt occurs at the INT2 negative edge, and IRF 
is set. INT2 interrupt or not can be proved by checking IRF 
by software in the interrupt routine of the vector address 
($FF8, $FF9). IRF should be reset by software (BCLR- in- 
struction). 

Bit 6 (IM) of the MR is an INT2 interrupt mask bit. When 
IM is set, INT2 interrupt is disabled. INT2 interrupt is also 
disabled by bit (I) of the Condition Code Register (CC) like 
other interrupts. 
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-INT 2 Interrupt Request Flag 



IRF is available for both read an d wri te. However, IRF is 
not writable by software. Therefore, INT2 interrupt cannot be 
requested by software. At reset, IRF is cleared and IM is set. 

■ INPUT/OUTPUT 

There are 23 input/output pins. All pins (port A, B, and C) 
are programmable as either inputs or outputs under software 



control of the corresponding Data Direction Register (DDR). 
The port I/O programming is accomplished by writing the 
corresponding bit in the port DDR to a logic "1" for outpt or 
a logic "0" for input. On reset, all the DDRs are initialized 
to a logic "0" state to put the ports in the input mode. The port 
output registers are not initialized on reset but may be written 
to before setting the DDR bits to avoid undefined levels. 
When programmed as outputs, the latched output data is 
readable as input data, regardless of the logic levels at the 
output pin due to output loading; see Figure 15. When port B 
is programmed for outputs, it is capable of sinking 10 mA and 
sourcing 1 mA on each pin. 

All input/output lines are TTL compatible as both inputs 
and outputs. Ports B and C are CMOS compatible as inputs. 
Port A is CMOS compatible as outputs. Figure 16 provides some 
examples of port connections. 

Port Cs and C6 are also used for Timer 2. 

When Port Cs is used as Timer 2 Input Capture (IC), Port 
Cs 's DDR should be cleared (Port Cs as input) and bit 4 (ICIM) 
in the Timer Control Register 2 (TCR2) should be cleared too. 
The Input Capture Register (ICR) stores the TDR2 when a 
Port Cs input transition occurs as defined by bit 1 (IDEG) of 
the TCR2. 

When Port C6 is used as Timer 2 Output Compare (OC), 
Port C6's DDR should be set (Port Ce as output). When the 
Output Compare Register (OCR) matches the TDR2, bit 
(OLVL) in the TCR2 is set and OLVL will appear at Port Ce . 
Port C6 is writable by software. But the writing by software is 
unavailable when a match between the TDR2 and the OCR is 
found at the same time. 

■ INPUT 

Port D is usable as either TTL compatible inputs or a 4- 
channel input for an A/D converter. Figure 17 shows port D 
logic configuration. 

The Port D register at location $003 stores TTL compatible 
inputs. When using as analog inputs for an A/D converter, refer 
to A/D CONVERTER. 
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Figure 15 Typical Port I/O Circuitry 
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Port A Programmed as output (s), driving CMOS and TTL load directly, 
(a) 
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Port B Programmed as output(s), driving Darlington base directly, 
(b) 



Port B 



B, 



Port B Programmed as output(s), driving LED(s) directly, 
(c) 



PortC 



■• — *■ CMOS Inverter 



Port C Programmed as output(s), driving CMOS loads, using external 
pull-up resistors. (d) 



Figure 16 Typical Port Connections 



■ A/D CONVERTER 

The HD6805W1 has an internal 8-bit A/D converter. The 
A/D converter, shown in Figure 18, includes 4 analog inputs 
(ANo to AN3), the Result Register (ADRR) and the Control 
Status Register (ADCSR). 



CAUTION 
The MCU has circuitry to protect the inputs against damage 
due to high static voltages or electric field; however, the design 
of the input circuitry for the A/D converter, ANo ~ AN3, V RH 
and AV CC , does not offer the same level of protection. Pre- 
cautions should be taken to avoid applications of any voltage 
higher than maximum-rated voltage or handled in any environ- 
ment producing high-static voltages. 
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Figure 17 Port D 



Port D 
D to D s 



Analog Input 
ANo — 



AN, 
AN3 




mm 



8 Bit Register (ADRR : SOOF ) » 



A/D Result Register I ADRR: SOOF I 



Figure 18 A/D Converter Block Diagram 
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• Analog Input (ANo to AN3) 

Analog inputs ANo to AN3 accept analog voltages of OV 
to 5V. The resolution is 8-bit (256 divisions) with a conver- 
sion time of 76 jus at 1 MHz. Analog conversion starts selecting 
analog inputs by bit and bit 1 of the ADCSR analog input. 
Since the CPU is not required during conversion, other user 
programs can be executed. 



• RAM Control Register (RCR: $01F) 

This register at location $0lF gives the status information 
about the RAM. When RAM Enable bit (RAME) is "0", the 
RAM is disabled. When Vcc Standby is greater than Vsbb> 
Standby Power bit (STBY PWR) is set and the standby RAM is 
sustained during powerdown. 





Table 7 Analog I 
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RAM Control Register 



• A/D Control Status Register (ADCSR : $00E) 

The Control Status Register (ADCSR) is used to select an 
analog input pin and confirm A/D conversion termination. An 
analog input pin is selected by bit and bit 1 as shown in Table 
7. 

A/D conversion begins when the data is written into bit 
and bit 1 of the ADCSR. When A/D conversion ends, bit 7 
(CEND) is set. Bit 7 is reset after the ADRR is read. Even 
if bit 7 is set, A/D conversion execution still continues. To end 
the A/D conversion, the A/D Result Register (ADRR) stores 
the most current value. During A/D conversion execution, new 
data is written into the ADCSR selecting the input channel and 
the A/D conversion execution at that time is suspended. CEND 
is reset and new A/D conversion begins. 

• A/D Result Register (ADRR: $00F) 

When the A/D conversion ends, the result is set in the A/D 
Result Register ($00F). When CEND of the ADCSR is set, 
converted result is obtained by reading the ADRR. Further- 
more, CEND is cleared. 

■ STANDBY RAM 

The portion from $020 to $027 of the RAM can be used 
for the standby RAM. 

When using the standby RAM, Vqc Standby should remain 
above V SfiB (min) during powerdown. Consequently, power is 
provided only to the standby RAM and STBY PWR bit of the 
RAM Control Register. 8 byte RAM is sustained with small 
power dissipation. The RAM including the standby RAM is 
controlled by the RAM Control Register (RCR) or RAME pin. 
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Figure 19 Standby RAM 



7 


6 


5 


4 


3 


2 


1 





STBY 
PWR 


RAME 


/ 


/ 


/ 


/ 


/ 


/ 



$01 F 



Bit 6 RAM Enable 

RAME bit is set or cleared by either software or hardware. 
When the MCU is reset, RAME bit is set and the RAM is 
enabled. If RAME bit is cleared, the user can neither read nor 
write the RAM. 

When the RAM is disabled (logic "0"), the RAM address is 
invalid. 

Bit 7 Standby bit 

STBY PWR bit is cleared whenever Vcc standby decreases 
below Vsbb (min). This bit is a read/write status bit that the 
user can read. When this bit is set, it indicates that the standby 
power is applied and data in the standby RAM is valid. 

• RAME Signal 

RAME bit in the RCR can be cleared when RAME pin goes 
"Low" by hardware (RAM is disabled). To make standby mode 
by hardware, set RAME pin "Low" during V cc Standby 
remains above Vsbb (min) and powerdown sequence should be 
as shown in Fig. 20. 

When RAME pin gets "Low" in the powerup state, RAME 
bit of the RCR is cleared and the RAM is disabled. During 
powerdown, RAME bit is sustained by Vcc Standby. When 
RAME pin gets "High" in the powerup state, RAME bit of the 
RCR is set and the RAM is enabled. 

RAME pin can be used to control the RAM externally with- 
out software. 



\ VCC OFF / 



RAME pin 



\ 



/ 



RAM Disable 



Figure 20 RAM Control Signal (RAME) 

■ BIT MANIPULATION 

The MCU has the ability to set or clear any single RAM or 
input/output port (except the data direction registers) with a 
single instruction (BSET and BCLR). Any bit in the page zero 
read only memory can be tested by using the BRSET and 
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BRCLR instructions, and the program branches as a result of 
its state. This capability to work with any bit in RAM, ROM or 
I/O allows the user to have individual flags in RAM or to handle 
single I/O bits as control lines. The example in Figure 2 1 shows 
the usefulness of the bit manipulation and test instructions. 
Assume that bit of port A is connected to a zero crossing 
detector circuit and that bit 1 of port A is connected to the 
trigger of a TRIAC which powers the controlled hardware. 
This program, which uses only seven bytes of ROM pro- 
vides turn-on of the TRIAC within 14 microseconds of the zero 
crossing. The timer is also incorporated to provide turn-on at 
some later time which permits pulse-width modulation of the 
controlled power. 



SELF 1 BRCLRO, PORTA, SELF 1 
BSET 1, PORTA 
BCLR 1, PORTA 



Figure 21 Bit Manipulation Example 



■ ADDRESSING MODES 

The MCU has ten addressing modes available for use by the 
programmer. These modes are explained and illustrated briefly 
in the following paragraphs. 

• Immediate 

Refer to Figure 22. The immediate addressing mode accesses 
constants which do not change during program execution. Such 
instructions are two bytes long. The effective address (EA) is 
the PC and the operand is fetched from the byte following the 
opcode. 

• Direct 

Refer to Figure 23. In direct addressing, the address of the 
operand is contained in the secondbyte of the instruction. 
Direct addressing allows the user to directly address the lowest 
256 bytes in memory. All RAM space, I/O registers and 128 
bytes of ROM are located in page zero to take advantage of 
this efficient memory addressing mode. 



to the branch instructions. In this mode the contents of the 
byte following the opcode is added to the program counter 
when the branch is taken. EA = (PC) +2 + Rel. Rel is the con- 
tents of the location following the instruction opcode with bit 7 
being the sign bit. If the branch is not taken, Rel = 0, when a 
branch takes place, the program goes to somewhere within the 
range of +129 bytes to -127 bytes of the present instruction. 
These instructions are two bytes long. 

• Indexed (No Offset) 

Refer to Figure 26. This mode of addressing accesses the 
lowest 256 bytes of memory. These instructions are one byte 
long and their EA is the contents of the index register. 

• Indexed (8-bit Offset) 

Refer to Figure 27. The EA is calculated by adding the con- 
tents of the byte following the opcode to the contents of the 
index register. In this mode, 511 low memory locations are 
accessable. These instructions occupy two bytes. 

• Indexed (16-bit Offset) 

Refer to Figure 28. This addressing mode calculates the EA 
by adding the contents of the two bytes following the opcode 
to the index register. Thus, the entire memory space may be 
accessed. Instructions which use this addressing mode are 
three bytes long. 

• Bit Set/Clear 

Refer to Figure 29. This mode of addressing applies to 
instructions which can set or clear any bit on page zero. The 
lower three bits in the opcode specify the bit to be set or 
cleared while the byte following the opcode specifies the 
address in page zero. 

• Bit Test and Branch 

Refer to Figure 30. This mode of addressing applies to 
instructions which can test any bit in the first 256 locations 
($00 through $FF) and branch to any location relative to the 
PC. The byte to be tested is addressed by the byte following 
the opcode. The individual bit within that byte to be tested 
is addressed by the lower three bits of the opcode. The third 
byte is the relative address to be added to the program counter 
if the branch condition is met. These instructions are three 
bytes long. The value of the bit to be tested is written to the 
carry bit in the condition code register. 



• Extended 

Refer to Figure 24. Extended addressing is used to reference 
any location in memory space. The EA is the contents of the 
two bytes following the opcode. Extended addressing instruc- 
tions are three bytes long. 

• Relative 

Refer to Figure 25 . The relative addressing mode applies only 



• Implied 

Refer to Figure 31. The implied mode of addressing has 
no EA. All of the information necessary to execute an instruc- 
tion is contained in the opcode. Direct operations on the 
accumulator and the index register are included in this mode 
of addressing. In addition, control instructions such as SWI 
and RTI belong to this group. All implied addressing instruc- 
tions are one byte long. 
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PROG LDA #$F8 05BE 
05BF 



Memory 



F8 



Adder 



F8 



Index Reg* 



Stack Point 



Prog Count 
05C0 



CC 



Figure 22 Immediate Addressing Example 



CAT FCB 32 004B 



PROG LDA CAT 052D 
052E 



Memory 



B6 



004B 



Adder 



T 

0000 



20 
Index Reg 



Stack Point 



Prog Count 
052F 



CC 
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Figure 23 Direct Addressing Example 
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PROG LDA CAT 0409 
040A 
040B 



CAT FCB 64 06E5 



Memory 



C6 



06 



E5 



40 



06E5 



/V 



0000 



Figure 24 Extended Addressing Example 



-HD6805W1 



Index Reg 



Stack Point 



Prog Count 



040C 



CC 



PROG BEQ PROG2 04A7 
04A8 



Memory 



27 



18 



./X. 



0000 



Index Reg 



Stack Point 



Prog Count 



04C1 



CC 



Figure 25 Relative Addressing Example 
HITACHI 
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TABL FCC/LI/00B8 



PROG LQA X 05F4 



Memory 



00B8 



T 

0000 



./v 



Figure 26 Indexed (No Offset) Addressing Example 



Index Reg 



B8 



Prog Count 



05F5 



TABL FCB 


#BF 


0089 


FCB 


#86 


008A 


FCB 


wDB 


008B 


FCB 


#CF 


008C 


PROG LDA 


TABL. 


X075B 
075C 



Memory 








EA 










008C 


1 


! 






, 


I 




1 ■ 


y 


Adder 


\ 


BF 




/ 


\ 


A 


B6 




\ 1 




OB 








« 








CF 


Index Reg 
















03 










_ . 


p 


E6 






1 1 1 


89 






Prog Count 




| 075D 




< 


:c 


i 




1 




















i 1 
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PROG LDA TABL. X 0692 
0693 
0694 



TABL FCB cBF 077E 

FCB =>86 077F 

FCB «DB 0780 

FCB <=CF 0781 



Memory 





/ 


/\ 


\ 


^ 






, 


\ 1 


\ 




A 








OB 


| 










Index Reg 




1 


02 


1 








Stack 


1 


D6 




Point 




07 


I 1 


7E 






Prog Count 






| 0695 , | 


1 




CC 




BF 


1 


1 


86 






DB 












CF 







Figure 28 Indexed (16-Bit Offset) Addressing Example 



PORT B EQU 1 0001 



PROG BCLR 6. PORT B 058F 
0590 



Memory 



Clear 
Bit 
6 



0001 



r-^^ 



I I 

Index Reg 



Stack Point 



Prog Count 



0591 



CC 



Figure 29 Bit Set/Clear Addressing Example 
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PORT C EQU 2 



PROG BRCLR 2. PORT C. PROG 2 0574 

0575 
0576 



Memory 



0002 



FO 


■x/ 


/ 


\ 


0000 


A 






B* ' 
2 




1 1 




0000 

1 


Index Reg 


1 




1 










Stack Point 


1 1 




1 


05 




Prog Count 


02 




0594 


1D 




1 

V 


. 


\ 


] 








— *■ 


— ^~~l 

OR 


1 1 


> l 




\l 


1 


\ 




\ 


Adder 


/ 








/ 




























: " 









Figure 30 Bit Test and Branch Addressing Example 



PROG TAX 05BA 



Memory 



./\. 



Index Reg 



L-C 



E5 



Stack Point 



Prog Count 



05BB 



240 



Figure 31 Implied Addressing Example 
HITACHI 



■HD6805W1 



■ INSTRUCTION SET 

The MCU has a set of 59 basic instructions. These instruc- 
tions can be divided into five different types; register/memory, 
read/modify /write, branch, bit manipulation and control. Each 
instruction is breifly explained below. All of the instructions 
within a given type are presented in individual tables. 

• Register/Memory Instructions 

Most of these instructions use two operands. One operand 
is either the accumulator or the index register. The other 
operand is obtained from memory by using one of the address- 
ing modes. The jump unconditional (JMP) and jump to sub- 
routine (JSR) instructions have no register operand. Refer to 
Table 8. 

• Read/Modify/Write Instructions 

These instructions read a memory location or a register, 
modify or test its contents and write the modified value back 
to the memory or register. The TST instruction for test of 
negative or zero is an exception to the read/modify/write 
instructions since it does not perform the write. Refer to Table 
9. 



• Branch Instructions 

The branch instructional cause a branch from 
when a certain condition is met. Refer to Table 10. 



a program 



• Bit Manipulation Instructions 

These instructions are used on any bit in the first 256 bytes 
of the memory. One group either sets or clears. The other 
group performs the bit test and branch operations. Refer to 
Table 11. 

• Control Instructions 

The control instructions control the MCU operations during 
program execution. Refer to Table 12. 

• Alphabetical Listing 

The complete instruction set is given in alphabetical order 
in Table 13. 

• Opcode Map 

Table 14 is an opcode map for the instructions used on the 
MCU. 
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Table 8 Register/Memory Instructions 





Mnemonic 


Addressing Modes 


Function 


Immediate 


Direct 


Extended 


Indexed 
(No Offset) 


Indexed 
(8-Bit Offset) 


Indexed 
(16-Bit Offset) 




Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Load A from Memory 


LDA 


A6 


2 


2 


B6 


2 


4 


C6 


3 


5 


F6 




4 


E6 


2 


5 


D6 


3 


6 


Load X from Memory 


LDX 


AE 


2 


2 


BE 


2 


4 


CE 


3 


5 


FE 




4 


EE 


2 


5 


DE 


3 


6 


Store A in Memory 


STA 


- 


- 


- 


B7 


2 


5 


C7 


3 


6 


F7 




5 


E7 


2 


6 


D7 


3 


7 


Store X in Memory 


STX 


- 


- 


- 


BF 


2 


5 


CF 


3 


6 


FF 




5 


EF 


2 


6 


DF 


3 


7 


Add Memory to A 


ADD 


AB 


2 


2 


BB 


2 


4 


CB 


3 


5 


FB 




4 


EB 


2 


5 


DB, 


3 


6 


Add Memory and 
4» Carry to A 


ADC 


A9 


2 


2 


B9 


2 


4 


C9 


3 


5 


F9 




4 


E9 


2 


5 


D9 


3 


6 


X Subtract Memory 


SUB 


AO 


2 


2 


BO 


2 


4 


CO 


3 


5 


FO 




4 


EO 


2 


5 


DO 


3 


6 


H Subtract Memory from 
f^ A with Borrow 


SBC 


A2 


2 


2 


B2 


2 


4 


C2 


3 


5 


F2 




4 


E2 


2 


5 


D2 


3 


6 


W 

J AND Memory to A 


AND 


A4 


2 


2 


B4 


2 


4 


C4 


3 


5 


F4 




4 


E4 


2 


5 


D4 


3 


6 


OR Memory with A 


ORA 


AA 


2 


2 


BA 


2 


4 


CA 


3 


5 


FA 




4 


EA 


2 


5 


DA 


3 


6 


Exclusive OR Memory 
with A 


EOR 


A8 


2 


2 


B8 


2 


4 


C8 


3 


5 


F8 




4 


E8 


2 


5 


D8 


3 


6 


Arithmetic Compare A 
with Memory 


CMP 


A1 


2 


2 


B1 


2 


4 


CI 


3 


5 


F1 




4 


E1 


2 


5 


01 


3 


6 


Arithmetic Compare X 
with Memory 


CPX 


A3 


2 


2 


B3 


2 


4 


C3 


3 


5 


F3 




4 


E3 


2 


5 


D3 


3 


6 


Bit Test Memory with A 
(Logical Compare) 


BIT 


A5 


2 


2 


B5 


2 


4 


C5 


3 


5 


F5 




4 


E5 


2 


5 


D5 


3 


6 


Jump Unconditional 


JMP 


- 


- 


- 


BC 


2 


3 


CC 


3 


4 


FC 




3 


EC 


2 


4 


DC 


3 


5 


Jump to Subroutine 


JSR 


- 


- 


- 


BD 


2 


7 


CD 


3 


8 


FD 




7 


ED 


2 


8 


DD 


3 


9 



Symbols: 

Op : Operation Abbreviation 

# : Instruction Statement 



Table 9 Read/Modify /Write Instructions 



2 

o 

z 





Mnemonic 


Addressing Modes 


Function 


Implied (A) 


Implied (X) 


Direct 


Indexed 
(No Offset) 


Indexed 
(8-Bit Offset) 




Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Increment 


INC 


4C 




4 


5C 




4 


3C 


2 


6 


7C 




6 


6C 


2 


7 


Decrement 


DEC 


4A 




4 


5A 




4 


3A 


2 


6 


7A 




6 


6A 


2 


7 


Clear 


CLR 


4F 




4 


5F 




4 


3F 


2 


6 


7F 




6 


6F 


2 


7 


Complement 


COM 


43 




4 


53 




4 


33 


2 


6 


73 




6 


63 


2 


7 


Negate 

{2's Complement) 


NEG 


40 




4 


50 




4 


30 


2 


6 


70 




6 


60 


2 


7 


Rotate Left Thru Carry 


ROL 


49 




4 


59 




4 


39 


2 


6 


79 




6 


69 


2 


7 


Rotate Right Thru Carry 


ROR 


46 




4 


56 




4 


36 


2 


6 


76 




6 


66 


2 


7 


Logical Shift Left 


LSL 


48 




4 


58 




4 


38 


2 


6 


78 




6 


68 


2 


7 


Logical Shift Right 


LSR 


44 




4 


54 




4 


34 


2 


6 


74 




6 


64 


2 


7 


Arithmetic Shift Right 


ASR 


47 




4 


57 




4 


37 


2 


6 


77 




6 


67 


2 


7 


Arithmetic Shift Left 


ASL 


48 




4 


58 




4 


38 


2 


6 


78 




6 


68 


2 


7 


Test for Negative or 
Zero 


TST 


4D 




4 


5D 




4 


3D 


2 


6 


7D 




6 


6D 


2 


7 



Symbols: 

Op : Operation Abbreviation 

# : Instruction Statement 
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Table 10 Branch Instructions 





Mnemonic 


Rela 


tive Addressing Mode 


Function 


Op 
Code 


# 
Bytes 


# 
Cycles 


Branch Always 


BRA 


20 


2 


4 


Branch Never 


BRN 


21 


2 


4 


Branch IF Higher 


BHI 


22 


2 


4 


Branch I F Lower or Same 


BLS 


23 


2 


4 


Branch IF Carry Clear 


BCC 


24 


2 


4 


(Branch IF Higher or Same) 


(BHS) 


24 


2 


4 


Branch I F Carry Set 


BCS 


25 


2 


4 


(Branch IF Lower) 


(BLO) 


25 


2 


4 


Branch IF Not Equal 


BNE 


26 


2 


4 


Branch IF Equal 


BEQ 


27 


2 


4 


Branch IF Half Carry Clear 


BHCC 


28 


2 


4 


Branch IF Half Carry Set 


BHCS 


29 


2 


4 


Branch IF Plus 


BPL 


2A 


2 


4 


Branch IF Minus 


BMI 


2B 


2 


4 


Branch IF Interrupt Mask Bit is Clear 


BMC 


2C 


2 


4 


Branch IF Interrupt Mask Bit is Set 


BMS 


2D 


2 


4 


Branch IF Interrupt Line is Low 


BIL 


2E 


2 


4 


Branch IF Interrupt Line is High 


BIH 


2F 


2 


4 


Branch to Subroutine 


BSR 


AD 


2 


8 



Symbols: Op : Operation Abbreviation #: Instruction Statement 

Table 11 Bit Manipulation Instructions 





Mnemonic 


Addressing Modes 


Function 


Bit Set/Clear 


Bit Test and Branch 




Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Branch IF Bit n is set 


BRSETn (n=0 . 


....7) 


- 


- 


- 


2-n 


3 


10 


Branch IF Bit n is clear 


BRCLR n (n=0 


....7) 


- 


- 


- 


01+2-n 


, 3 


10 


Set Bit n 


BSET n (n=0 .... 


.7) • 


10+2*n 


2 


7 


- 


- 


- 


Clear bit n 


BCLR n (n=0 


.7) 


11+2-n 


2 


7 


- 


- 


- 



Symbols: Op : Operation Abbreviation #: Instruction Statement 

Table 12 Control Instructions 





Mnemonic 


Implied 


Function 


Op 
Code 


# 
Bytes 


# 
Cycles 


Transfer A to X 


TAX 


97 




2 


Transfer X to A 


TXA 


9F 




2 


Set Carry Bit 


SEC 


99 




2 


Clear Carry Bit 


CLC 


98 




2 


Set Interrupt Mask Bit 


SEI 


9B 




2 


Clear Interrupt Mask Bit 


CLI ~1 


9A 




2 


Software Interrupt 


SWI 


83 




11 


Return from Subroutine 


RTS 


81 




6 


Return from Interrupt 


RTI 


80 




9 


Reset Stack Pointer 


RSP 


9C 




2 


No-Operation 


NOP 


9D 




2 



Symbols: Op : Operation Abbreviation #: Instruction Statement 
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Table 13 Instruction Set 





Addressing Modes 


Condition Code 


Mnemonic 


Implied 


Imme- 
diate 


Direct 


Ex- 
tended 


Re- 
lative 


Indexed 

(No 
Offset) 


Indexed 
(8 Bits) 


Indexed 
(16 Bits) 


Bit 
Set/ 
Clear 


Bit 
Test & 
Branch 


H 


1 


N 


Z 


C 


ADC 




X 


X 


X 




X 


X 


X 






A 




A 


A 


A 


ADD 




X 


X 


X 




X 


X 


X 






A 




A 


A 


A 


AND 




X 


X 


X 




X 


X 


X 










A 


A 


• 


ASL 


X 




X 






X 


X 












A 


A 


A 


ASR 


X 




X 






X 


X 












A 


A 


A 


BCC 










X 






















BCLR 


















X 














BCS 










X 






















BEQ 










X 






















BHCC 










X 






















BHCS 










X 






















BHI 










X 






















BHS 










X 






















BIH 










X 






















BIL 










X 






















BIT 




X 


X 


X 




X 


X 


X 










A 


A 




BLO 










X 






















BLS 










X 






















BMC 










X 






















BMI 










X 






















BMS 










X 






















BNE 










X 






















BPL 










X 






















BRA 










X 






















BRN 










X 






















BRCLR 




















X 










A 


BRSET 




















X 












BSET 


















X 














BSR 










X 






















CLC 


X 






























CLI 


X 






























CLR 


X 




X 






X 


X 















1 




CMP 




X 


X 


X 




X 


X 


X 










A 


A 


A 


COM 


X 




X 






X 


X 












A 


A 


1 


CPX 




X 


X 


X 




X 


X 


X 










A 


A 


A 


DEC 


X 




X 






X 


X 












A 


A 


• 


EOR 




X 


X 


X 




X 


X 


X 










A 


A 


• 


INC 


X 




X 






X 


X 












A 


A 


• 


JMP 






X 


X 




X 


X 


X 










• 


• 


• 


JSR 






X 


X 




X 


X 


X 










• 


• 


• 


LDA 




X 


X 


X 




X 


X 


X 










A 


A 


• 


LDX 




X 


X 


X 




X 


X 


* 








A 


A 


• 



Condition Code Symbols: 
H Half Carry (From Bit 3) 
I Interrupt Mask 
N ' Negative (Sign Bit) 
Z Zero 



C Carry Borrow 

A Test and Set if True, Cleared Otherwise 

• Not Affected 



(to be continued) 
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Table 13 Instruction Set 





Addressing Modes 


Condition Code 


Mnemonic 


Implied 


Imme- 
diate 


Direct 


Ex- 
tended 


Re- 
lative 


Indexed 

(No 
Offset) 


Indexed 
(8 Bits) 


Indexed 
(16 Bits) 


Bit 
Set/ 
Clear 


Bit 
Test& 
Branch 


H 


I 


N 


Z 


C 


LSL 


x 




X 






X 


X 












A 


A 


A 


LSR 


x 




X 






X 


X 















A 


A 


NEQ 


X 




X 






X 


X 












A 


A 


A 


NOP 


X 






























ORA 




X 


X 


X 




X 


X 


X 










A 


A 


• 


ROL 


X 




X 






X 


X 












A 


A 


A 


ROR 


X 




X 






X 


X 












A 


A 


A 


RSP 


X 






























RTI 


X 
























7 


? 


7 


RTS 


X 






























SBC 




X 


X 


X 




X 


X 


X 










A 


A 


A 


SEC 


X 
























• 


• 


1 


SEI 


X 
























• 


• 


• 


STA 






X 


X 




X 


X 


X 










A 


A 


• 


STX 






X 


X 




X 


X 


X 










A 


A 


• 


SUB 




X 


X 


X 




X 


X 


X 










A 


A 


A 


SWI 


X 
























• 


• 


• 


TAX 


X 






























TST 


X 




X 






X 


X 












A 


A 


• 


TXA 


X 































Condition Code Symbols: 
H Half Carry (From Bit 3) 
I Interrupt Mask 
N Negative (Sign Bit) 
Z Zero 



C Carry/Borrow 

A Test and Set if True, Cleared Otherwise 

• Not Affected 

? Load CC Register From Stack 



Table 14 Opcode Map 





Bit Manipulation 


Brnch 


Read/Modify/Write 


Control 


Register /Memory 






Testa 
Branch 


Set/ 
Clear 


Rel 


DIR 


A 


X 


.X1 


,X0 


IMP 


IMP 


IMM 


DIR 


EXT 


X2 


.X1 


,X0 









1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 


-H 





BRSETO 


BSETO 


BRA 


NEQ 


RTI* 


- 


SUB 





1 


BRCLRO 


BCLRO 


BRN 


- 


RTS* 


- 


CMP 


1 


2 


BRSET1 


BSET1 


BHI 


- 


- 


- 


SBC 


2 


3 


BRCLR1 


BCLR1 


BLS 


COM 


SWI* 


- 


CPX 


3 


4 


BRSET2 


BSET2 


BCC 


LSR 


_ 


- 


AND 


4 


5 


BRCLR2 


BCLR2 


BCS 


_ 


_ 


- 


BIT 


5 


6 


BRSET3 


BSET3 


BNE 


ROR 


- 


- 


LDA 


6 


7 


BRCLR3 


BCLR3 


BEQ 


ASR 


- 


TAX 


- | STAI+1) 


7 


8 


BRSET4 


BSET4 


BHCC 


LSL/ASL 


- 


CLC 


EOR 


8 


9 


BRCLR4 


BCLR4 


BHCS 


ROL 


- 


SEC 


ADC 


9 


A 


BRSET5 


BSET5 


BPL 


DEC 


- 


CLI 


ORA 


A 


B 


BRCLR5 


BCLR5 


BMI 


_ 


- 


SEI 


ADD 


B 


C 


BRSET6 


BSET6 


BMC 


INC 


_ 


RSP 


- 


JMP(-I) 


C 


D 


BRCLR6 


BCLR6 


BMS 


TST 


- 


NOP 


BSR* 


JSR(-3) 


D 


E 


BRSET7 


BSET7 


BIL 


_ 


_ 


_ 


LDX 


E 


F 


BRCLR7 


BCLR7 


BIH 


CLR 


- 


TXA 


- 


STXI+1) 


F 




3/10 


2/7 


2/4 


2/6 [ 1/4 | 1/4 | 2/7 | 1/6 


1/* 


1/2 


2/2 


2/4 | 3/5 | 3/6 | 2/5 | 1/4 





[NOTE] 1. Undefined opcodes are marked with "-". 

2. The number at the bottom of each column denote the number of bytes and the number of cycles required (Bytes/Cycles). 
Mnemonics followed by a "•" require a different number of cycles as follows: 

RTI 9 

RTS 6 

SWI 11 

BSR 8 

3. ( ) indicate that the number in parenthesis must be added to the cycle count for that instruction. 
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# HITACHI 



HD6301 V1 ,HD63A01 V1 , 

HD63B01V1 

CMOS MCU (Microcomputer Unit) 



The HD6301V1 is an 8-bit CMOS single-chip microcom- 
puter unit, Object Code compatible with the HD6801. 4kB 
ROM, 128 bytes RAM, Serial Communication Interface (SCI), 

parallel I/O ports and multi function timer are incorporated 
in the HD6301V1. It is bus compatible with HMCS6800. Ex- 
ecution time of key instructions are improved and several 
new instructions are added to increase system throughput. 
The HD6301V1 can be expanded up to 65k words. Like the 
HMCS6800 family, I/O level is TTL compatible with +5.0V 
single power supply. As HD6301V1 is fabricated by the ad- 
vanced CMOS process technology, power dissipation is extreme- 
ly reduced. In addition to that, HD6301V1 has Sleep Mode and 
Standby Mode at lower power dissipation mode. Therefore 
flexible low power consumption application is possible. 

■ FEATURES 

• Object Code Upward Compatible with HD6801 Family 

• Abundant On-Chip Functions Compatible with HD6801V0; 
4kB ROM.128 Bytes RAM,29 Parallel I/O Lines. 2 Lines of 
Data Strobe, 16-bit Timer, Serial Communication Interface 

• Low Power Consumption Mode: Sleep Mode, Standby Mode 

• Minimum Instruction Execution Time 

■Ms (f=1MHz), 0.67/is (f= 1.5MHz), 0.5/is (f=2MHz) 

• Bit Manipulation, Bit Test Instruction 

• Protection from System Upset: Address Trap, On-Code Trap 

• Up to 65k Words Address Space 

• Wide Operation Range 

Vcc=3 to 6V (f=0.1~0.5MHz), 
f=0.1 to 2.0MHz (V C c=5V±10%) 

■ TYPE OF PRODUCTS 



Type No. 


Bus Timing 


HD6301V1 


1 MHz 


HD63A01V1 


1.5 MHz 


HD63B01V1 


2 MHz 



HD6301V1P, HD63A01V1P, HD63B01V1P 




(DP-40) 



HD6301 V1 F, HD63A01 V1 F, HD63B01 V1 F 




(FP-54) 



HD6301V1CG,HD63A01V1CG,HD63B01V1CG 



(CG-40) 



HITACHI 
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■ PIN ARRANGEMENT 
• HD6301V1P, HD63A01V1P, 
HD63B01V1P 



HD6301V1F, HD63A01V1F, 
HD63B01V1F 



• HD6301V1CG, HD63A01V1CG, HD63B01V1CG 





luio w tt. a. 



(Top View) 



» J> » - U » * « • n 

o.o.a.a.^ £££££ 



(Top View) 
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■ BLOCK DIAGRAM 




P40- 

P42" 

P43- 

P44' 

P45- 
P46- 
P47' 



Port 
4 



T i I I * 



128x8 
RAM 



4kx8 
ROM 
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■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage 


V C c 


-0.3 ~ +7.0 


V 


Input Voltage 


v in 


-0.3 ~ V cc +0.3 


V 


Operating Temperature 


■ opr 


0~ +70 


°C 


Storage Temperature 


Tjtg 


-55 ~+150 


°C 



(NOTE) This product has protection circuits in input terminal from high static electricity voltage and high electric field. 
But be careful not to apply over volt age more than maximum ratings to these high input impedance protection 
circuits. To assure the normal operation, we recommend V !n , V out : Vgs £* (Vin or V out ) ^ Vcc- 



ELECTRICAL CHARACTERISTICS 

DC CHARACTERISTICS (Vcc = 5.0V±10%, Vss = 0V, Ta = 0~+70°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 




RES. STBY 


V,H 




V cc -0.5 


- 


Vcc 
+0.3 




Input "High" Voltage 


EXTAL 


V cc x0.7 


- 


V 




Other Inputs 


2.0 


- 




Input "Low" Voltage 


All Inputs 


v lL 




-0.3 


- 


0.8 


V 


Input Leakage Current 


NMl, mOT^RES, STB? 


Hinl 


V in =0.5~V CC -0.5V 


- 


- 


1.0 


JiA 


Three State (off-state) 
Leakage Current 


Pya'^'Pyi, r> 4o~P47, 'S3 


Hts.I 


V in =0.5~V cc -0.5V 


- 


- 


1.0 


ma 


Output "High" Voltage 


All Outputs 


VqH 


l OH = -200/iA 


2.4 


- 


- 


V 


Ioh = -10*iA 


V C c-0.7 


- 


- 


V 


Output "Low" Voltage 


All Outputs 


Vol 


Iql = 1.6mA 


- 


- 


0.55 


V 


Input Capacitance 


All Inputs 


Cin 


V in = 0V,f= 1.0MHz, 
Ta = 25° C 


- 


- 


12.5 


pF 


Standby Current 


Non Operation 


'cc 




- 


2.0 


15.0 


MA 


Current Dissipation* 




'cc 


0perating(f=1MHz**) 


- 


6.0 


10.0 


mA 


Sleeping (f=1 MHz**) 


- 


1.0 


2.0 


RAM Stand-By Voltage 




V RAM 




2.0 


- 


- 


V 



' V, H min = V CC -1.0V, V )L max = 0.8V 



** Current Dissipation of the operating or sleeping condition is proportional to the operating frequency. So the typ. or max. 
values about Current Dissipations at f = x MHz operation are decided according to the following formula; 



typ. value (f = x MHz) = typ. value (f = 1MHz)xjt 
max. value (f = x MHz) = max. value (f = 1 MHz) x x 

(both the sleeping and operating) 
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• AC CHARACTERISTICS (Vcc = 5.0V±10%, Vss = OV, Ta = 0~+70°C, unless otherwise noted.) 



BUS TIMING 



Item 






Symbol 


Test 
Con- 
dition 


HD6301V1 


HD63A01V1 


HD63B01V1 


Unit 




min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


Cycle Time 


tcyc 


Fig. 1 
Fig. 2 


1 


- 


10 


0.666 


- 


10 


0.5 


- 


10 


MS 


Address Strobe Pulse Width 
"High" 


PWash 


220 


- 


- 


150 


- 


- 


110 


- 


- 


ns 


Address Strobe Rise Time 


*ASr 


- 


- 


20 


- 


- 


20 


- 


- 


20 


ns 


Address Strobe Fall Time 


*ASf 


- 


- 


20 


- 


- 


20 


- 


- 


20 


ns 


Address Strobe Delay Time 


*ASD 


60 


- 


- 


40 


- 


- 


20 


- 


- 


ns 


Enable Rise Time 


t E r 


- 


- 


20 


- 


- 


20 


- 


- 


20 


ns 


Enable Fall Time 


t E f 


- 


- 


20 


- 


- 


20 


- 


- 


20 


ns 


Enable Pulse Width "High" Level 


PW E H 


450 


- 


- 


300 


- 


- 


220 


- 


- 


ns 


Enable Pulse Width "Low" Level 


PW EL 


450 


- 


- 


300 


- 


- 


220 


- 


- 


ns 


Address Strobe to Enable Delay 
Time 


tASED 


60 


- 


- 


40 


- 


- 


20 


- 


- 


ns 


Address Delay Time 


*AD1 


- 


- 


250 


- 


- 


190 


- 


- 


160 


ns 


*AD2 


- 


- 


250 


- 


- 


190 


- 


- 


160 


ns 


Address Delay Time for Latch 


tADL 


- 


- 


250 


- 


- 


190 


- 


- 


160 


ns 


Data Set-up Time 


Write 


t DSW 


230 


- 


- 


150 


- 


- 


100 


- 


- 


ns 


Read 


t DSB 


80 


- 


- 


60 


- 


- 


50 


- 


- 


ns 


Data Hold Time 


Read 


*HR 





- 


- 





- 


- 





- 


- 


ns 


Write 


*MW 


20 


- 


- 


20 


- 


- 


20 


- 


- 


ns 


Address Set-up Time for Latch 


l ASL 


60 


- 


- 


40 


- 


- 


20 


- 


- 


ns 


Address Hold Time for Latch 


^AHL 


30 


- 


- 


20 


- 


- 


20 


- 


- 


ns 


Address Hold Time 


*AH 


20 


- 


- 


20 


- 


- 


20 


- 


- 


ns 


A ~ A 7 Set-up Time Before E 


^ASM 


200 


- 


- 


110 


- 


- 


60 


- 


- 


ns 


Peripheral Read 
Access Time 


Non-Multiplexed 
Bus 


(*ACCN ' 


- 


- 


650 


- 


- 


395 


- 


- 


270 


ns 


Multiplexed Bus 


(tACCMi 


- 


- 


650 


- 


- 


395 


- 


- 


270 


ns 


Oscillator stabilization Time 


*RC 


Fig. 10 
Fig. 11 


20 


- 


- 


20 


- 


- 


20 


- 


- 


ms 


Processor Control Set-up Time 


tpcs 


200 


- 


- 


200 


- 


- 


200 


- 


- 


ns 



PERIPHERAL PORT TIMING 











Symbol 


Test 
Con- 
dition 


HD6301V1 


HD63A01V1 


HD63B01V1 


Unit 




min 


typ 


max 


min 


typ 


max 


min 


typ 


max 




Peripheral Data 
Set-up Time 


Port 1,2, 3,4 


tposu 


Fig. 3 


200 


- 


- 


200 


- 


- 


200 


- 


- 


ns 


Peripheral Data 
Hold Time 


Port 1,2, 3,4 


tpDH 


Fig. 3 


200 


- 


- 


200 


- 


- 


200 


- 


- 


ns 


Delay Time, Enable Positive 
Transition to OS3 Negative 
Transition 


tosoi 


Fig. 5 


- 


- 


300 


- 


- 


300 


- 


- 


300 


ns 


Delay Time, Enable Positive 
Transition to OS3 Positive 
Transition 


toSD2 


Fig. 5 


- 


- 


300 


- 


- 


300 


- 


- 


300 


ns 


Delay Time, Enable Nega- 
tive Transition to Peri- 
pheral Data Valid 


Port 1 , 
2? 3. 4 


tpWD 


Fig. 4 


- 


- 


300 


- 


- 


300 


- 


- 


300 


ns 


Input Strobe Puis 
Input Data Hold " 


e Width 


tpwis 


Fig. 6 


200 


- 


- 


200 


- 


- 


200 


- 


- 


ns 


rime 


Port 3 


t.H 


Fig. 6 


150 


- 


- 


150 


- 


- 


150 


- 


- 


ns 


Input Data Setup Time 


Port3 


tis 


Fig. 6 





- 


- 





- 


- 





- 


- 


ns 
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TIMER. SCI TIMING 



Item 


Symbol 


Test 
Con- 
dition 


HD6301V1 


HD63A01V1 


HD63B01V1 


Unit 


min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


Timer Input Pulse Width 


tpwT 




2.0 


- 


- 


2.0 


- 


- 


2.0 


- 


- 


*cyc 


Delay Time, Enable Positive 
Transition to Timer Out 


l TOD 


Fig. 7 


- 


- 


400 


- 


- 


400 


- 


- 


400 


ns 


SCI Input Clock Cycle 


*Scyc 




2.0 


- 


- 


2.0 


- 


- 


2.0 


- 


- 


*cyc 


SCI Input Clock Pulse Width 


tpWSCK 




0.4 


- 


0.6 


0.4 


- 


0.6 


0.4 


- 


0.6 


*Scyc 


MODE PROGRAMMING 


Item 


Symbol 


Test 
Con- 
dition 


HD6301V1 


HD63A01V1 


HD63B01V1 


Unit 


min 


typ 


max 


min 


typ 


max 


min 


typ 


max 




RES "Low" Pulse Width 


PW RS tl 


Fig. 8 


3 


- 


- 


3 


- 


- 


3 


- 


- 


tcyc 


Mode Programming Set-up Time 


l MPS 


2 


- 


- 


2 


- 


- 


2 


- 


- 


*cvc 


Mode Programming Hold Time 


*MPH 


150 


- 


- 


150 


- 


- 


150 


- 


- 


ns 



R/W .Ar-A B 
(SCi IPorl4] 



MCU Write 
D,~D,,A ~A, 
(Pom 31 



MCU Read 
0„~D,. A„~A, 
(Port 3) 




Figure 1 Expanded Multiplexed Bus Timing 
HITACHI 
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MCU.Read 
0,-0, 
(Port 3) 



A,-A, (Port II 
Ai-A„ (Port 41 



W77ft 



Figure 2 Expanded Non-Multiplexed Bus Timing 




p,„ ~ p,, 



•Port 3 Non-Latched Operation 

Figure 3 Port Data Set-up and Hold Times 
(MCU Read) 



All Data 
Pom Outputs 



r 



0.8V V J 



21 



Note) Port 2: Except P, , 

Figure 4 Port Data Delay Times 
(MCU Write) 



r 



MCU access of Port 3' 



■r~^_2D c 



5°,°' I $0006) 
0S3 



X 



X 



X 



r*-»OSD1 



J 



•Access matches Output Strobe Select (OSS = 0, a read; 
OSS = 1 , a write) 

Figure 5 Port 3 Output Strobe Timing 
(Single Chip Mode) 




F igure 6 Port 3 Latch Timing 
(Single Chip Mode) 
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X 






3 r- 0.8 V 0.8V J C 



(♦'tod*! 



Mode Inputs 



"RSTL- 

1 'MPS - - 



2 0V t «- J c 2j 

c Oata Valid V— 

oev ^r -.£ 



Figure 8 Mode Programming Timing 



Figure 7 Timer Output Timing 



; Ri.-2.2kn I4.0k« lor El 



•Po.n.O-|— f"*-| 

j | V1S2074® 



C =90pF for Pm-Pm, P,o-P47. SC, SC 2 

= 30pFfOrPlO~P.7, P20-P24 

=40pF for E 
R =12kQ for P,o~Pi7. P20-P24. Pw-Pn, P40-P47. E, SC SCz 

Figure 9 Bus Timing Test Loads (TTL Load) 



jTjrLri_rij~LJTJix^ 



NMI. IRQ,. IRQ* 



AAAXaAaAAaAAAAA 



Op Code Op Code FFFF SP SP-1 SP-2 SP-3 SP-4 SP-5 SP-6 Vector Vector New PC 
Address Address +1 M ?B LSB Address 

Address Address 



Internal y y 

Data °- ** * 

Op Code 



VVVYVVVVYVVVV Y~ 

A. A A A A A A A A A A AAA 

e yperand Irrelevant pro- PC8- 1X0- 1X8- ACCA ACCB CCR Vector Vector First Inst, of 
Op Code p„ t ., pc7 p C15 |X? |X15 MSB LSB Interrupt Routin e 



y 



Figure 10 Interrupt Sequence 



— ; ^ „ _j M ! b «_L 



-•» — 'PCS 



'PCS -J 

*1 



■~4 



Ml B- 



-CDCDCDCDOCZ)-" — 

FFFF FFFE FFFF New PC 

J i>— — h \ )) 1|_ 




inttrnw *v 



Figure 11 Reset Timing 
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■ FUNCTIONAL PIN DESCRIPTION 

• V CC . Vss 

These two pins are used for power supply and GND. Re- 
commended power supply voltage is 5V ±10%. 3 to 6V can 
be used for low speed operation (100 ~ 500 kHz). 

• XTAL, EXTAL 

These two pins are connected with parallel resonant funda- 
mental crystal, AT cut. For instance, in order to obtain the 
system clock 1MHz, a 4MHz resonant fundamental crystal is 
used because the devide by 4 circuitry is included. EXTAL 
accepts an external clock input of duty 50% (±10%) to drive, 
then internal clock is a quarter the frequency of an external 
clock. External' driving frequency will be less than 4 times as 
maximum internal clock. For external driving, XTAL pin 
should be open. An example of connection circuit is shown in 
Fig. 12. 

AT Cut Parallel Resonance Crystal 
C = 7 pF max 
R. = 60 JJ max 



XTAL 



EXTAL 



CD 



-j- C L2 -p^LI 

"777" "77T 
(a) Crystal Interface 



C L1 - C L2 -10~22pF ♦ 20% 
(3 2-8MH2) 



XTAL 



EXTAL 



External Clock 



(1) I/O Port 2 bits, 2,1 ,0 are latched into bits PC2, PCI , PC0 of 
program control register. 

(2) The contents of the two Start Addresses, SFFFE, SFFFF 
are brought to the program counter, from which program 
starts (see Table 1). 

(3) The interrupt mask bit is set. In order to ha ve the CPU 
recognize the maskable interrupts IRQi and IRQ2, clear 
it before those are used. 

• Enable (E) 

This output pin supplies system clock. Output is a single- 
phase, TTL compatible and 1/4 of the crystal oscillation fre- 
quency. It will drive two LS TTL load and 40pF. 

• Non maskable Interrupt (NMI) 

When the falling edge of the input signal of this pin is re- 
cognized, NMI sequence starts. The current instruction is con- 
tinued to complete, even if NMI signal is detected. Interrupt 
mask bit in Condition Code Register has no effect on NMI 
detection. In response to NMI interrupt, the information of 
Program Counter, Index Register, Accumulators, and Condition 
Code Register are stored on the stack. On completion of this 
sequence, vectoring address SFFFC and $FFFD are generated 
to load the contents to the program counter. Then the CPU 
branch to a non maskable interrupt service routine. 

• Interrupt Request (IRQi) 

This level sensitive input requests maskable interrupt se- 
quence. When IRQi goes to "Low", the CPU waits until it 
completes the current instruction that is being executed. Then, 
if the interrupt mask bit in Condition Code Register is not set, 
CPU begins interrupt sequence; otherwise, interrupt request is 
neglected. 

Once the sequence has started, the information of Program 
Counter, Index Register, Accumulators, Condition Code Re- 
gister are stored on the stack. Then the CPU sets the interrupt 
mask bit so that no further maskable interrupts may be res- 
ponded. 

Table 1 Interrupt Vectoring memory map 



(b) External Clock 
Figure 12 Connection Circuit 

• Standby (STBY) 

This pin is used to place the MCU in the Standby mode. 
If this goes to "Low" level, the oscillation stops, the internal 
clock is tied to Vgs or Vcc and the MCU is reset. In order to 
retain information in RAM during standby, write "0" into RAM 
enable bit (RAME). RAME is bit 6 of the RAM Control Register 
at address $0014. This disables the RAM, so the contents of 
RAM is guaranteed. For details of the standby mode, see the 
Standby section. 

• Reset (R"ES) 

This input is used to reset the MCU. RES must be held 
"Low" for at least 20ms when the power starts up. It should be 
noted that, before clock generator stabilize, the internal state 
and I/O ports are uncertain, because MCU can not be reset 
without clock. To reset the MCU during system operation, it 
must be held "Low" for at least 3 system clock cycles. From 
the third cycle, all address buses beco me "H igh-impedance" 
and it continues while RES is "Low". If RES goes to "High", 
CPU does the following. 
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Highest 
Priority 



Vector 




MSB 


LSB 




FFFE 


FFFF 


FH3 


FFEE 


FFEF 


TRAP 


FFFC 


FFFO 


fm 


FFFA 


FFFB 


Software Innrrupt (SWI) 


FFF8 


FFF9 


IRQ, (or IS3I 


FFF6 


FFF7 


ICF (Timor Input Capture) 


FFF« 


FFF5 


OCF fTimor Output Compare) 


FFF2 


FFF3 


TOF (Timor Overflow) 


FFFO 


FFF1 


SCI (RDRF ♦ ORF6 ♦ TORE) 



Lowest 
Priority 



At the end of the cycle, the CPU generates 16 bit vectoring 
addresses indicating memory addresses $FFF8 and $FFF9, and 
load the contents to the Program Counter, then branch to an 
interrupt service routine. 

The Internal I nterr upt will generate signal (IRQ2) which is 
quite the same as IRQi except that it will use the vector address 
SFFF0 to $FFF7. 

When IRQi and IRQ2 are generated at the same time, the 
former precede the latter. Interrupt Mask Bit in the condition 
co de reg ister, if being set, will keep the both interrupts off. 

IRQi has no internal latch. Therefore, if IRQi is removed 
during suspension, that IRQi is ignored. 
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On occurrence of Address error or Op-code error, TRAP 
interrupt is invoked. This interrupt has priority next to RES. 
Regardless of the Interrupt Mask Bit condition, the CPU will 
start an interrupt sequence. The vector for this interrupt will be 
SFFEE, SFFEF. 

The following pins are available only in single chip mode. 

• Input Strobe (IS3) (SCi) 

This signal controls IS3 interrupt and the latch of Port 3. 
When the falling edge of this signal is detected, the flag of 
Port 3 Control Status Register is set. 

For detailed explanation of Port 3 Control Status Register, 
see the I/O PORT 3 CONTROL STATUS REGISTER section. 

• Output Strobe (OS3) (SC 2 ) 

This signal is used to send a strobe to an external device, 
indicating effective data is on the I/O pins. The timing chart for 
Output Strobe are shown in Figure 5. 

The following pins are available for Expanded Modes. 

• Read/Write (R/W) (SC2) 

This TTL compatible output signal indicates peripheral and 
memory devices whether CPU is in Read ("High"), or in Write 
("Low"). The normal stand-by state is Read ("High"). Its 
output will drive one TTL load and 90pF. 

• I/O Strobe (TOS) (SCi ) 

In expanded non multiplexed mode 5 of operation, IOS 
goes to "Low" only when A9 through A15 are "0" and As is 
"1" . This allows external access up to 256 addresses from 
$0100 to S01FF in memory. The timing chart is shown in 
Figure 2. 

• Address Strobe (AS) (SCi) 

In the expanded multiplexed mode, address strobe signal 
appears at this pin. It is used to latch the lower 8 bits addresses 
multiplexed with data at Port 3. The 8-bit latch is controlled 
by address strobe as shown in Figure 18. Thereby, I/O Port 3 
can become data bus during E pulse. The timing chart of this 
signal is shown in Figure 1 . 

Address Strobe (AS) is sent out even if the internal address 
area is accessed. 



Table 2 Port and Data Direction Register Addresses 



■ PORTS 

There are four I/O Ports on HD6301V1 MCU (three 8-bit 
ports and one 5-bit port). 2 control pins are connected to one 
of the 8-bit port. Each port has an independent write-only data 
direction register to program individual I/O pins for input or 
output.* 

When the bit of associated Data Direction Register is "1". 
I/O pin is programmed for output, if "0", then programmed for 
an input. 

There are four ports: Port 1, Port 2, Port 3, and Port 4. 
Addresses of each port and associated Data Direction Registers 
are shown in Table 2. 

* Only one exception is bit 1 of Port 2 which becomes either a 
data input or a timer output. It cannot be used as an output 

port. 

RES does not affect I/O port Data Register. Therefore, just 
after RES, Data Register is uncertain. Data Direction Registers 
are reset. 



Ports 


Port Address 


Data Direction 
Register Address 


I/O Port 1 
I/O Port 2 
I/O Port 3 
I/O Port 4 


$0002 
$0003 
$0006 
$0007 


$0000 
$0001 
$0004 
$0005 



• I/O Port 1 

This is an 8-bit port, each bit being defined individually as 
input or outputs by associated Data Direction Register. The 
8-bit output buffers have three-state capability, maintaining in 
high impedance state when they are used for input. In order to 
be read accurately, the voltage on the input lines must be more 
than 2.0V for logic "1" and less than 0.8 V for logic "0". 

These are TTL compatible. After the MCU has been reset, all 
I/O lines of Port 1 are configured as inputs in all modes except 
mode 1. In all modes except expanded non multiplexed mode 
(Mode 1), Port 1 is always parallel I/O. In mode 1, Port 1 will be 
output line for lower order address lines (Ao to A7). 

• I/O Port 2 

This port has five lines, whose I/O direction depends on its 
data direction register. The 5-bit output buffers have three-state 
capability, going high impedance state when used as inputs. In 
order to be read accurately, the voltage on the input lines must 
be more than 2.0V for logic "1" and less than 0.8V for logic 
"0". After the MCU has been reset, 1/0 lines are configured as 
inputs. These pins of Port 2 (pins P20, P21 , P22 of the chip) arc 
used to program the mode of operation during reset. The values 
of these three pins during reset are latched into the upper 3 bits 
(bit 7, 6 and 5) of Port 2 Data Register, which is explained in 
the MODE SELECTION section. 

In all modes, Port 2 can be configured as I/O lines. This port 
also provides access to the Serial I/O and the Timer. However, 
note that bit 1 (P21 ) is the only pin restricted to data input or 
Timer output. 



• I/O Port 3 

This is an 8-bit port which can be configured as I/O lines, a 
data bus, or an address bus multiplexed with data bus. Its 
function depends on hardware operation mode programmed by 
the user using 3 bits of Port 2 during Reset. Port 3 as a data bus 
is bi-directional. For an input from peripherals, regular TTL 
level must be supplied, that is greater than 2.0V for a logic "1" 
and less than 0.8V for a logic "0". This TTL compatible three- 
state buffer can drive one TTL load and 90pF. In the expanded 
Modes, data direction register will be inhibited after Reset and 
data direction will depend on the state of the R/W line. Func- 
tion of Port 3 is shown below. 
Single Chip Mode (Mode 7) 

Parallel Inputs/Outputs as programmed by its corresponding 
Data Direction Register. 

There are two control lines associated with this port in this 
mode, an input strobe (153) and an output strobe (OS3), both 
being used for handshaking. They are controlled by I/O Port 3 
Control/Status Register. Function of these two control lines of 
Port 3 are summarized as follows: 

(1) Port 3 input data can be latched using IS3 (SCi) as a 
input strobe signal. 

(2) OS3 can be generated by CPU read or write to Port 3's 
data register. 

(3) IRQi interrupt can be generated by an TS3 falling 
edge. 
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Port 3 strobe and latch timing is shown in Figs. 5 and 6 
respectively. 

I/O Port 3 Control/Status Register is explained as follows: 

I/O Port 3 Control/Status Register 





7 


8 


5 


4 


3 


2 


1 









isl 


X 


OSS 


LATCH 


X 


X 


X 




(53 


ir5I 














WOOF 


FLAG 


ENABLE 






ENABLE 









BitO Not used. 
Bit 1 Notuttd. 
Bit 2 Not used. 
Bit 3 LATCH ENABLE. 

Bit 3 is used to control the input latch of Port 3. If the bit is 
set at "1", the input data on Port 3 is latched by the falling edge 
of 153. The latch is released by the MCU read to Port 3 ; now 
new data can be latched again by 153 falling edge. Bit 3 is 
cleared by a reset. If this bit is "0", 153 does not affect I/O 
Port 3 latch operation. 
Bit 4 OSS (Output Strobe Select) 

This bit identifies the cause of output strobe generation: a 
write operation or read operation to I/O Port 3. When the bit is 
cleared, the strobe will be generated by a read operation to Port 
3. When the bit is not cleared, the strobe will be generated by a 
write operation. Bit 4 is cleared by a reset. 
Bit 5 Not used. 
Bit 6 153 ffiQI ENAB LE. 

If this bit is set, IRQi interrupt by 153 Flag is enabled. 
Otherwise the interrupt is disabled. The bit is cleared by a 
reset. 
Bit7lS3FLAG. 

Bit 7 is a read-only bit which is set by the falling edge of IS3 
(SCi). It is cleared by a read of the Control/Status Register fol- 
lowed by a read/write of I/O Port 3. The bit is cleared by reset. 

Expanded Non Multiplexed Mode (mode 1,5) 

In this mode, Port 3 becomes data bus. (Do ~ D7) 
Expanded Multiplexed Mode (mode 0, 2, 4, 6) 

Port 3 becomes both the data bus (Do ~ D7) and lower bits 
of the address bus (Ao ~ A?). An address strobe output is "High" 
while the address is on the port. 

• I/O Port 4 

This is an 8-bit port that becomes either I/O or address 
outputs depending on the selected operation mode. In order 
to be read accurately, the voltage at the input lines must be 
greater than 2.0V for a logic "1", and less than 0.8V for a logic 
"0". For outputs, each line is TTL compatible and can drive one 
TTL load and 90pF. Function of Port 4 for each mode is 
explained below. 

Single Chip Mode (Mode 7): Parallel Inputs/Outputs as pro- 
grammed by its associated data direction register. 
Expanded Non Multiplexed Mode (Mode 5): In this mode, 
Port 4 becomes the lower address lines (Ao to A7) by writing 
"l"s on the data direction register. After reset, this port 
becomes inputs. In order to use these pins as addresses, they 
should be programmed as outputs. 

When all of the eight bits are not required as addresses, the 
remaining lines can be used as I/O lines (Inputs only). 
Expanded Non Multiplexed Mode (Mode 1): In this mode, Port 
4 becomes output for upper order address lines (As to Ais) 
regardless of the value of the direction register. 
Expanded Multiplexed Mode (Mode 6): In this mode, Port 4 
becomes the upper address lines (As to Ais). After reset, this 



port becomes inputs. In order to use these pins as addresses, 
they should be programmed as outputs. When all of the eight 
bits are not required, the remaining lines can be used as I/O 
lines (input only). 

Expanded Multiplexed Mode (Mode 0, 2, 4): In this mode, Port 
4 becomes output for upper order address lines (As to Ais) 
regardless of the value of data direction register. 

The relation between each mode and I/O Port 1 to 4 is 
summarized in Table 3. 

■ MODE SELECTION 

The operation mode after the reset must be determined by 
the user wiring the P20, P21 and P22 pins externally. These three 
pins are lower order bits; I/O 0, I/O 1,1/0 2 of Port 2. They are 
latched into the control bits PC0, PCI, PC2 of I/O Port 2 regis- 
ter when reset goes "High". I/O Port 2 Register is shown below. 

Port 2 DATA REGISTER 





7 


6 


S 


4 


3 


2 


1 





$0003 


PC2 


KM 


PCO 


1/0 4 


1/0 3 


1/0 2 


1/0 1 


I/O 



An example of external hardware used for Mode Selection is 
shown in Fig. 13. The HD14053B is used to separate the pe- 
ripheral device from the MCU during reset. It is necessary if 
the data may conflict between peripheral device and Mode 
generation circuit. 

No mode can be changed through software because the bits 
5, 6, and 7 of Port 2 Data Register are read-only. The mode 
selection of the HD6301V1 is shown in Table 4. 

The HD6301V1 operates in three basic modes: (1) Single 
Chip Mode; (2) Expanded Multiplexed Mode (compatible with 
the HMCS6800 peripheral family), (3) Expanded Non Multi- 
plexed Mode (compatible with HMCS6800 peripheral family). 

• Single Chip Mode (Mode 7) 

In the Single Chip Mode, all ports will become I/O. This is 
shown in Figure 15. In this mode, SCi , SC2 pins are configured 
for control lines o f Por t 3 and can be used as input strobe (IS3) 
and output strobe (053) for data handshaking. 

• Expanded Multiplexed Mode (Mode 0, 2, 4, 6) 

In this mode, Port 4 is configured for I/O (inputs only) or 
address lines. The data bus and the lower order address bus are 
multiplexed in Port 3 and can be separated by the Address 
Strobe. 

Port 2 is configured for 5 parallel I/O or Serial I/O, or Timer, 
or any combination thereof. Port 1 is configured for 8 parallel 
I/O. In this mode, HD6301V1 is expandable up to 65k words 
(See Fig. 16). 

• Expanded Non Multiplexed Mode (Mode 1, 5) 

In this mode, the HD6301 VI can directly address HMCS6800 
peripherals with no external logic. In mode 5, Port 3 becomes a 
data bus. Port 4 becomes Ao to A7 address bus or partial 
address bus and I/O (inputs only). Port 2 is configured for a 
parallel I/O, Serial I/O, Timer or any combination thereof. 

Port 1 is configured as a parallel I/O only. 

In this mode, HD6301V1 is expandable to 256 locations. 

In mode 1 , Port 3 becomes a data bus and Port 1 becomes 
Ao to A7 address bus, and Port 4 becomes As to Ais address 
bus. 
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In this mode, the HD6301V1 is expandable to 65k words 
with no external logic. (See Fig. 17) 

• Lower Order Address Bus Latch 

Because the data bus is multiplexed with the lower order 

v C c 



RT5 



address bus in Port 3 in the expanded multiplexed mode, 
address bits must be latched. It requires the 74LS373 Trans- 
parent octal D-type to latch the LSB. Latch connection of 
the HD6301V1 is shown in Figure 18. 




Note 1) Figure of Mode 7 

2) RC* Reset Constant 

3) R,=10kn 



Figure 13 Recommended Circuit for Mode Selection 
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Figure 14 HD14053B Multiplexers/De-Multiplexers 
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\j y 8 I/O Lines 
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5 I/O Lines 

SCI 

Timer 



Figure 15 HD6301 V1 MCU Single-Chip Mode 
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Figure 16 HD6301V1 MCU Expanded 
Multiplexed Mode 
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x ni witu Z 1 \ Port 3 
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R/W 

ios 



8 I/O Lines 
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To 8 Address 
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Port2 
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Timer 
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(a) Mode 5 

Figure 17 HD6301V1 MCU Expanded Non Multiplexed Mode 
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Function Table 
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G 
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Q 
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L 
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H 
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H 

L 
Q, 

Z 



Figure 18 Latch Connection 



• Summary of Mode and MCU Signal 

This section gives a description of the MCU signals for the 
various modes. SC i and SC 2 are signals which vary with the mode . 
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Table 3 Feature of each mode and I 


nes 






MODE 


PORT 1 
Eight Lines 


PORT 2 
Five Lines 


PORT 3 
Eight Lines 


PORT 4 
Eight Lines 


SC, 


SC 2 


SINGLE CHIP (Mode 7) 


I/O 


I/O 


I/O 


I/O 


IS3 (I) 


OS3(0) 


EXPANDED MUX 
(Mode 0, 2, 4, 6) 


I/O 

I 


I/O 


ADDRESS BUS 

(Ao~A 7 ) 

DATA BUS 

<D ~D 7 ) 


ADDRESS BUS' 

(A,~A 15 ) 


AS(O) 


R/W(0) 


EXPANDED 


(Mode 5) 


I/O 


I/O 


DATA BUS 
(D ~D 7 ) 


ADDRESS BUS* 

(Ao~A 7 ) 


ios(O) 


R/W(0) 


NON-MUX 


(Mode 1) 


ADDRESS BUS 

(Ao~A,) 


I/O 


DATA BUS 

(Do-Dj) 


ADDRESS BUS 

(A,~A 15 ) 


Not Used 


R/W(0) 



•These lines can be substituted for I/O (Input Only) (except Mode 0, 2, 4) 



1 


= Input 


IS3 = Input Strobe 


SC 


« Strobe Control 


o 


= Output 


0S3 = Output Strobe 


AS 


= Address Strobe 


R/W 


». Read/Write 


IOS = I/O Select 
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Table 4 Mode Selection Summary 



Mode 


(PC2) 


(Pfc'l) 


(pcoi 


ROM 


RAM 


Interrupt 
Vectors 


Bus 
Mode 


Operating 
Mode 


7 


H 


H 


H 


1 


1 


1 


1 


Single Chip 


6 


H 


H 


L 


1 


1 


1 


MUX W 


Multiplexed/Partial Decode 


5 


H 


L 


H 


1 


1 


1 


NMUXW 


Non-Multiplexed/Partial Decode 


4 


H 


L 


L 


£<2) 


|(1) 


E 


MUX 


Multiplexed/RAM 


3 


L 


H 


H 


- 


- 


- 


- 


Not Used 


2 


L 


H 


L 


E (2) 


,(1) 


E 


MUX 


Multiplexed/RAM 


1 


L 


L 


H 


E<2> 


1 


E 


NMUX 


Non-Multiplexed 





L 


L 


L 


1 


1 


|(3) 


MUX 


Multiplexed Tett 



LEGEND : 

I — Internal 

E — External 

MUX - Multiplexed 

NMUX - Non-Multiplexed 

L — Logic "0" 

H - Logic "1" 



(NOTES) 

1 ) Internal RAM is addressed at $0080. 

2) Internal ROM is disabled. 

3) Rese t vector is external for 3 or 4 cycles after 
RES goes "high". 

4) Idle lines of Port 4 address outputs can 
be assigned to Input Port. 



■ Memory Map 

The MCU can provide up to 65k byte address space 
depending on the operating mode. Fig. 19 shows a memory map 
for each operating mode. The first 32 locations of each map are 
for the MCU's internal register only, as shown in Table 5. 



Table 5 Internal Register Area 



Register 


Address 


Port 1 Data Direction Register ""* 


00* 


Port 2 Data Direction Register •••• 


01 


Port 1 Data Register 


02* 


Port 2 Data Register 


03 


Port 3 Data Direction Register •••• 


04" 


Port 4 Data Direction Register ••" 


05'" 


Port 3 Data Register 


06" 


Port 4 Data Register 


07'" 


Timer Control and Status Register 


08 


Counter (High Byte) 


09 


Counter (Low Byte) 


0A 


Output Compare Register (High Byte) 


0B 


Output Compare Register (Low Byte) 


0C 


Input Capture Register (High Byte) 


OO 


Input Capture Register (Low Byte) 


0E 


Port 3 Control and Status Register 


Of 


Rate and Mode Control Register 


10 


Transmit/Receive Control and Status Register 


11 


Receive Data Register 


12 


Transmit Data Register 


13 


RAM Control Register 


14 


Reserved 


15-1 F 



* External address in Mode 1 
* * External address in Modes 0, 1 , 2, 4, 6; cannot be 
accessed in Mode 5 
*** External address in Modes 0. 1, 2, 4 
»••• 1 = Output, = Input 
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HD6301V1i 
Mode ' 



Multiplexed Test mode 
$0000* 1 » 



$001 F 
$0080 fc 

$00FF 




$FOOO 



$FFFFl2> 




Internal Registers 
External Memory Space 

Internal RAM 



External Memory Space 



Internal ROM 



[NOTES I 

1 ) Excludes the following addresses which may be 
used externally: $04, $05, $06, $07 and $0F. 

2) Addresses $FFFE and $FFFF are considered 
external if acces sed w ithin 3 or 4 cycles after a 
positive edge of RES and internal at all other times. 

3) After 3 or 4 CPU cycles, there must be no overlapping 
of internal and external memory spaces to avoid 
driving the data bus with more than one device. 

4) This mode is the only mode which is used for 
testing. 




Non-Multiplexed Partial Decode 
$0000 



$001 F 
$0080 
$O0FF 




$FFFF 



Internal Registers 
External Memory Space 
Internal RAM 

External Memory Space 



(NOTE] 

Excludes the following addresses which may be 
used externally; $00, $02, $04, $05, $06. $07 
and $0F. 



(to be continued) 



Figure 19 HD6301V1 Memory Maps 
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HD6301V1 
Mode 



HD6301V1 
Mode 4 



Multiplexed/RAM 



$0000 




Internal Registers 
External Memory Space 

Internal RAM 



External Memory Space 



[NOTE) Excludes the following address which 

may be used externally; $04, $05, $06, 
$07, $0F. 



HD6301V1| 

Mode „ 



Non-Multiplexed/Partial Decode 
$0000 




Internal Registers 



Internal RAM 



External Memory Space 



$FFFF 




Internal ROM 

Internal Interrupt Vectors 



(NOTE] Excludes $04, $06, $0F. 

These address cannot be used 
externally. 



(to be continued) 



Figure 19 HD6301V1 Memory Maps 
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HD6301V1i 
Mode I 



Multiplexed/Partial Decode 
$0000 




$O0FF 



$F000 



$FFFF 




Internal Registers 
External Memory Space 

Internal RAM 



External Memory Space 



Internal ROM 

Internal Interrupt Vectors 



(NOTE) 

Excludes the following address which may be 
used externally: $04, $06, $0F. 



HD6301V1" 
Mode 



Single Chip 




Internal Registers 



$0080 



$00FF 



$F000 



$FFFF 




Internal ROM 

Internal Interrupt Vectors 



Figure 19 HD6301V1 Memory Maps 
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■ PROGRAMMABLE TIMER 

The HD6301V1 contains 16-bit programmable timer which 
may be used to make measurement of input waveform. In 
addition to that it can generate an output waveform by itself. 
For both input and output waveform, the pulse width may vary 
from a few microseconds to several seconds. 
The timer hardware consists of 

• an 8-bit control and status register 

• a 16-bit free running counter 

• a 16-bit output compare register, and 

• a 16-bit input capture register 

A block diagram of the timer is shown in Figure 20. 
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$09 Write I $0A Writs 




Output ~nput 

Levat EdQfl 

Bit 1 Bit 

Port 2 Port 2 

Figure 20 Programmable Timer Block Diagram 

* Free Running Counter ($0009: $000 A) 

The key element in the programmable timer is a 16-bit free 
running counter, that is driven by an E (Enable) clock to 
increment its values. The counter value will be read out by the 
CPU software at any time with no effects on the counter. 
Reset will clear the counter. 

When the MSB of this counter is read, the LSB is stored 
in temporary latch. The data is fetched from this latch by the 
subsequent read of LSB. Thus consistent double byte data can 
be read from the counter. 

When the CPU writes arbitrary data to the MSB ($09), the 
value of SFFF8 is being pre-set to the counter ($09, $0A) 
regardless of the write data value. Then the CPU writes arbi- 
trary data to the LSB ($0A), the data is set to the "Low" byte 
of the counter, at the same time, the data preceedingly written 
in the MSB ($09) is set to "High" byte of the counter. 

When the data is written to this counter, a double byte 
store instruction (ex. STD) must be used. If only the MSB of 
counter is written, the counter is set to $FFF8. 

The counter value written to the counter using the double 
byte store instruction is shown in Figure 2 1 . 

To write to the counter may disturb serial operations, so it 
should be inhibited during using the SCI in internal clock mode. 




(5AF3 written to the counter) 
Figure 21 Counter Write Timing 

• Output Compare Register ($OO0B:$O0OC) 

This is a 16-bit read/write register which is used to control an 
output waveform. The contents of this register are constantly 
being compared with current value of the free running counter. 

When the contents match with the value of the free running 
counter, a flag (OCF) in the timer control/status register 
(TCSR) is set and the current value of an output level Bit 
(OLVL) in the TCSR is transferred to Port 2 bit 1. When bit 1 
of the Port 2 data direction register is "1" (output), the OLVL 
value will appear on the bit 1 of Port 2. Then, the value of Out- 
put Compare Register and Output level bit may be changed 
for the next compare. 

The output compare register is set to $FFFF during reset. 

The compare function is inhibited at the cycle of writing 
to the high byte of the output compare register and at the 
cycle just after that to ensure valid compare. It is also inhibited 
in same manner at writing to the free running counter. 

In order to write a data to Output Compare Register, a 
double byte store instruction (ex. STD) must be used. 

• Input Capture Register ($000D:$000E) 

The input capture register is a 16-bit read-only register used 
to hold the current value of free running counter when the 
proper transition of an external input signal occurs. 

The input transition change required to trigger the counter 
transfer is controlled by the input edge bit (IEDG). 

To allow the external input signal to go in the edge detect 
unit, the bit of the Data Direction Register corresponding to bit 
of Port 2 must have been cleared (to zero). 

To insure input capture in all cases, the width of an input 
pulse requires at least 2 Enable cycles. 

• Timer Control/Status Register (TCSR) ($0008) 

This is an 8-bit register. All 8 bits are readable and the lower 
5-bit may be written. The upper 3 bits are read-only, indicating 
the timer status information as is shown below. 

(1) A proper transition has been detected on the input pin 
(ICF). 

(2) A match has been found between the value in the free 
running counter and the output compare register (OCF). 

(3) When counting up to $0000 (TOF). 

Each flag has an individual enable bit in TCSR which 
determ ines whether or not an interrupt request may 
occur (IRQ2). If the I-bit in Condition Code Register has 
been cleared, a priority vectored address occurs correspond- 
ing to each flag. A description of each bit is as follows. 

Timer Control / Status Register 
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4 


3 


2 


1 





icr- 


OCF 


TOF j 


ElCI 


EOCI 


ETOI 


IEOG 


o L vl| 



Bit OLVL (Output Level); When a match is found in the 
value between the counter and the output com- 
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pare register, this bit is transferred to the Port 2 
bit 1. If the DDR corresponding to Port 2 bit 1 is 
set "1", the value will appear on the output pin of 
Port 2 bit 1. 

Bit 1 IEDG (Input Edge): This bit control which transition 
of an input of Port 2 bit will trigg the data 
transfer from the counter to the input capture 
register. The DDR corresponding to Port 2 bit 
must be cleared in advance of using this function. 
When IEDG = 0, trigger takes place on a negative 
edge ("High" to "Low" transition). When IEDG = 
1 , trigger takes place on a positive edge ("Low" to 
"High" transition). 

Bit 2 ETOI (Enable Timer Overflow Interrupt); When set, 
this bit enables TOF interrupt to generate the 
interrupt request (IRQ2). When cleared, the inter- 
rupt is inhibited. 

Bit 3 EOCI (Enable Output Compare Interrupt); When set, 
this bit enables OCF interrupt to generate the 
interrupt request (IRQ2). When cleared, the inter- 
rupt is inhibited. 

Bit 4 EICI (Enable Input Capture Interrupt); When set, this 
bit enables ICF interrupt to generate the interrupt 
request (IRQ2 ). When cleared, the interrupt is 
inhibited. 

Bit 5 TOF (Timer Over Flow Flag); This read-only bit is set 
at the transition of SFFFF to $0000 of the 
counter. It is cleared by CPU read of TCSR (with 
TOF set) followed by an CPU read of the counter 
($0009). 

Bit 6 OCF (Output Compare Flag); This read-only bit is set 
when a match is found in the value between the 
output compare register and the counter. It is 
cleared by a read of TCSR (with OCF set) fol- 
lowed by an CPU write to the output compare 
register ($000B or $000C). 

Bit 7 ICF (Input Capture Flag); The read-only bit is set by a 

proper transition on the input, and is cleared by 

a read of TCSR (with ICF set) followed by an 

CPU read of Input Capture Register (S000D). 

Reset will clear each bit of Timer Control and Status 

Register. 

■ SERIAL COMMUNICATION INTERFACE 

The HD6301V1 contains a full-duplex asynchronous Serial 
Communication Interface (SCI). SCI may select the several 
kinds of the data rate. It consists of a transmitter and a receiver 
which operate independently but with the same data format 
and the same data rate. Both the transmitter and receiver com- 
municate with the CPU via the data bus and with the outside 
world through Port 2 bit 2, 3 and 4. Description of hardware, 
software and register is as follows. 

• Wake-Up Feature 

In typical multiprocessor applications the software protocol 
will usually have the designated address at the initial byte of the 
message. The purpose of Wake-Up feature is to have the non- 
selected MCU neglect the remainder of the message. Thus 
the non-selected MCU can inhibit the all further interrupt 
process until the next message begins. 

Wake-Up feature is re-enabled by a ten consecutive "l"s 
which indicates an idle transmit line. Therefore software pro- 
tocol must put an idle period between the messages and must 
prevent it within the message. 



With this hardware feature, the non-selected MCU is re- 
enabled or ("waked-up") by the next message. 

• Programmable Options 

The HD6301V1 has the following programmable features. 

• data format; standard mark/ space (NRZ) 

• clock source ; external or internal 

• baud rate; one of 4 rates per given E clock frequency or 

1/8 of external clock 

• wake-up feature; enabled or disabled 

• interrupt requests; enabled or masked individually for 

transmitter and receiver 

• clock output; internal clock enabled or disabled to Port 

2 bit 2 
•Port 2 (bits 3, 4); dedicated or not dedicated to serial 
I/O individually 

• Serial Communication Hardware 

The serial communications hardware is controlled by 4 
registers as shown in Figure 22. The registers include : 

• an 8-bit control/status register 

• a 4-bit rate/mode control register (write-only) 

• an 8-bit read-only receive data register 

• an 8-bit write-only transmit data register 

Besides these 4 registers, Serial I/O utilizes Port 2 bit 3 
(input) and bit 4 (output). Port 2 bit 2 can be used when an 
option is selected for the internal-clock-out or the external- 
clock-in. 

• Transmit/Receive Control Status Register (TRCSR) 

TRCS Register consists of 8 bits which all may be read while 
onl y bit s to 4 may be written. The register is initialized to $20 
on RES. The bits of the TRCS register are explained below. 

Transmit / Receive Control Status Register 
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Bit WU (Wake Up); Set by software and cleared by hardware 
on receipt often consecutive "l"s. While this bit 
is "1", RDRF and ORFE flags are not set even 
if data are received or errors are detected. There- 
fore received data are ignored. It should be noted 
that RE flag must have already been set in advance 
ofWU flag's set. 

Bit 1 TE (Transmit Enable); This bit enables transmitter. When 
this bit is set, bit 4 of Port 2 DDR is also forced 
to be set. It remains set even if TE is cleared. 
Preamble of ten consecutive "l"s is transmitted 
just after this bit is set, and then transmitter 
becomes ready to send data. 
If this bit is cleared, the transmitter is disabled 
and serial I/O affects nothing on Port 2 bit 4. 

Bit 2 TIE (Transmit Interrupt Enable ); Wh en this bit is set, 
TDRE (bit 5) causes an IRQ2 interrupt. When 
cleared TDRE interrupt is masked. 

Bit 3 RE (Receive Enable); When set, Port 2 bit 3 can be used 
as an input of receive regardless of DDR value for 
this bit. When cleared, the receiver is disabled. 

Bit 4 RIE (Receive Interrupt Enable); When this bit is set, 
RDRF (bit 7) or ORFE (bit 6) cause an IRQi 
interrupt. When cleared, this interrupt is masked. 
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Bit 5 TDRE (Transmit Data Register Empty); When the data 
is transferred from the Transmit Data Register 
to Output Shift Register, this bit is set by hard- 
ware. The bit is cleared by reading the status re- 
gister followed by writing the next new data into 
the Transmit Data Register. TDRE is initialized 
to 1 by RES. 

Bit 6 ORFE (Over Run Framing Error); When overrun or 
framing error occurs (receive only), this bit is set 
by hardware. Over Run Error occurs if the attempt 
is made to transfer the new byte to the receive 
data register while the RDRF is "1". Framing 
Error occurs when the bit counter is not synchro- 



nized with the boundary of the byte in the re- 
ceiving bit stream. When Framing Error is de- 
tected, RDRF is not set. Therefore Framing Error 
can be distinguished from Overrun Error. That is, 
if ORFE is "1" and RDRF is "1", Overrun Error 
is detected. Otherwise Framing Error occurs. 
The bit is cleared by reading the status register 
fol lowed by reading the receive data register, or 
by RES. 
Bit 7 RDRF (Receive Data Register Full); This bit is set by 
hardware when the data is transferred from the 
receive shift register to the receive data register. 
It is cleared by reading the status register follo wed 
by reading the receive data register, or by RES. 



Rate and Mode Control Register 
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Transmit/Receive Control and Status Register 
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Receive Data Register 
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Transmit Data Register 
Figure 22 Serial I/O Register 
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ADDR : $0010 



Transfer Rate / Mode Control Register 



Table 6 SCI Bit Times and Transfer Rates 





SSO 


XTAL 


2.4576 MHz 


4.0 MHz 


4.9152MHz 


SSI 


E 


614.4 kHz 


1.0 MHz 


1.2288MHz 








E^-16 


26 jis/38,400 Baud 


16 *is/62,500 Baud 


13 Ms/76,800Baud 





1 


E^128 


208jis/4.800 Baud 


128 fis/78 12.5 Baud 


104.2ms/ 9,6O0Baud 


1 





E * 1024 


1.67ms/600 Baud 


1.024ms/976.6Baud 


833.3ms/ 1,200Baud 


1 


1 


E^-4096 


6.67ms/ 150 Baud 


4.096ms/244.1 Baud 


3.333ms/ 300 Baud 
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Table 7 SCI Format and Clock Source Control 



CC1 


ceo 


Format 


Clock Source 


Port 2 Bit 2 


Port 2 Bit 3 


Port 2 Bit 4 
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- 


- 


- 





1 


NRZ 


Internal 


Not Used*** 


•• 


•• 


1 





NRZ 


Internal 


Output* 


•• 


•• 


1 


1 


NRZ 


External 


Input 


•• 


•• 



* Clock output is available regardless of values for bits RE and TE. 
** Bit 3 is used for serial input if RE « "1" in TRCS. 

Bit 4 is used for serial output if TE = "1" in TRCS. 
*** This pin can be used as I/O port. 

• Transfer rate/Mode Control Register (RMCFt) 

The register controls the following serial I/O functions: 
•Bauds rate -data format • clock source 

• Port 2 bit 2 feature 

It is 4-bit write-only register, cleared by RES. The 4 bits are 
considered as a pair of 2-bit fields. The lower 2 bits control the 
bit rate of internal clock while the upper 2 bits control the 
format and the clock select logic. 

muss?} s P eedSelect 

These bits select the Baud rate for the internal clock. The 
rates selectable are function of E clock frequency of the CPU. 
Table 6 lists the available Baud Rates. 

n-^^i 1 clock Control/Format Select 
Bit 3 CC 1 J 
They control the data format and the clock select logic. 
Table 7 defines the bit field. 

• Internally Generated Clock 

If the user wish to use externally an internal clock of the 
serial I/O, the following requirements should be noted. 
•CC1, CCO must be set to "10". 

• The maximum clock rate must be E/16. 
•The clock rate is equal to the bit rate. 

• The values of RE and TE have no effect. 

• Externally Generated Clock 

If the user wish to supply an external clock to the Serial 
I/O, the following requirements should be noted. 
•The CC1, CCO must be set to "11" (See Table 7). 
•The external clock must be set to 8 times of the desired 
baud rate. 

• The maximum external clock frequency is E/2 clock. 

• Serial Operations 

The serial I/O hardware must be initialized by the software 
before operation. The sequence will be normally as follows. 

•Writing the desired operation control bits of the Rate and 
Mode Control Register. 

•Writing the desired operation control bits of the TRCS 
register. 

If Port 2 bit 3, 4 are used for serial I/O, TE, RE bits may be 
kept set. When TE, RE bit are cleared during SCI operation, 
and subsequently set again, it should be noted that TE, RE 
must be kept "0" for at least one bit time of the current baud 
rate. If TE, RE are set again within one bit time, there may be 
the case where the initializing of internal function for trans- 
mitter and receiver does not take place correctly. 

• Transmit Operation 

Data transmission is enabled by the TE bit in the TRCS 



register. When set, the output of the transmit shift register 
is connected with Port 2 bit 4 which is unconditionally con- 
figured as an output. 

After RES, the user should initialize both the RMC register 
and the TRCS register for desired operation. Setting the TE bit 
causes a transmission of ten-bit preamble of "l"s. Following the 
preamble, internal synchronization is established and the trans- 
mitter is ready to operate. Then either of the following states 
exists. 

(1) If the transmit data register is empty (TDRE = 1), the 
consecutive "l"s are transmitted indicating an idle 
states. 

(2) If the data has been loaded into the Transmit Data 
Register (TDRE = 0), it is transferred to the output 
shift register and data transmission begins. 

During the data transfer, the start bit ("0") is first trans- 
ferred. Next the 8-bit data (beginning at bit 0) and finally the 
stop bit ("1"). When the contents of the Transmit Data Register 
is transferred to the output shift register, the hardware sets the 
TDRE flag bit: If the CPU fails to respond to the flag within 
the proper time, TDRE is kept set and then a continuous string 
of l's is sent until the data is supplied to the data register. 

* Receive Operation 

The receive operation is enabled by the RE bit. The serial 
input is connected with Port 2 bit 3. The receiver operation 
is determined by the contents of the TRCS and RMC register. 
The received bit stream is synchronized by the first "0" (start 
bit). During 10-bit time, the data is strobed approximately at 
the center of each bit. If the tenth bit is not "1" (stop bit), 
the system assumes a framing error and the ORFE is set. 

If the tenth bit is "1", the data is transferred to the receive 
data register, and the RDRF flag is set. If the tenth bit of the 
next data is received and still RDRF is preserved set, then 
ORFE is set indicating that an overrun error has occurred. 

After the CPU read of the status register as a response to 
RDRF flag or ORFE flag, followed by the CPU read of the 
receive data register, RDRF or ORFE will be cleared. 

■ RAM CONTROL REGISTER 

The register assigned to the address $0014 gives a status 
information about standby RAM. 

RAM Control Register 
8 5 4 3 2 



STBY 


RAME 
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X 


X 



BitO Not used. 
Bit 1 Not used. 
Bit 2 Not used. 
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Bit 3 Not used. 
Bit 4 Not used. 
BitS Not used. 
Bit 6 RAM Enable. 

Using this control bit, the user can disable the RAM. RAM 
Enable bit is set on the positive edge of RES and RAM is 
enabled. The program can write "1" or "0". If RAME is 
cleared, the RAM address becomes external address and the 
CPU may read the data from the outside memory. 
Bit 7 Standby Bit 

This bit can be read or written by the user program. It is 
cleared when the V cc voltage is removed. Normally this bit 
is set by the program before going into stand-by mode. When 
the CPU recovers from stand-by mode, this bit should be 
checked. If it is "1", the data of the RAM is retained during 
stand-by and it is valid. 

■ GENERAL DESCRIPTION OF INSTRUCTION SET 

The HD6301V1 has an upward object code compatible with 
the HD6801 to utilize all instruction sets of the HMCS6800. 
The execution time of the key instruction is reduced to increase 
the system through-put. In addition, the bit operation instruc- 
tion, the exchange instruction between the index and the 
accumulator, the sleep instruction are added. This section 
describes: 

•CPU programming model (See Fig. 23) 

• Addressing modes 

•Accumulator and memory manipulation instructions (See 
Table 8) 

• New instructions 

•Index register and stack manipulation instructions (See 

Table 9) 

•Jump and branch instructions (See Table 10) 
•Condition code register manipulation instructions (See 

Table 11) 

• Op-code map (See Table 1 2) 

• Cycle-by-Cycle Operation (See Table 13) 

• CPU Programming Model 

The programming model for the HD6301V1 is shown in Fig- 
ure 23. The double accumulator is physically the same as the 
accumulator A concatenated with the accumulator B, so that 
the contents of A and B is changed with executing operation of 
an accumulator D. 



iUI 



8-Bit Accumulators A and B 

Or 16-Bit Double Accumulator O 



• CPU Addressing Modes 

The HD6301V1 has seven address modes which depend on 
both of the instruction type and the code. The address mode for 
every instruction is shown along with execution time given in 
terms of machine cycles (Table 8 to 12). When the clock 
frequency is 4 MHz, the machine cycles will be microseconds. 
Accumulator (ACCX) Addressing 

Only the accumulator (A or B) is addressed. Either accumula- 
tor A or B is specified by one-byte instructions. 
Immediate Addressing 

In this mode, the operand is stored in the second byte of the 
instruction except that the operand in LDS and LDX, etc are 
stored in the second and the third byte. These are two or 
three-byte instructions. 
Direct Addressing 

In this mode, the second byte of instruction indicates the 
address where the opsund is stored. Direct addressing allows 
the user to directly address the lowest 256 Bytes in the machine 
locations zero through 255. Improved execution times are 
achieved by storing data in these locations. For system 
configuration, it is recommended that these locations should be 
RAM and be utilized preferably for user's data realm. These are 
two-byte instructions except the AIM, OIM, EIM and TIM 
which have three- byte. 
Extended Addressing 

In this mode, the second byte indicates the upper 8 bits 
addresses where the operand is stored, while the third byte 
indicates the lower 8 bits. This is an absolute address in 
memory. These are three-byte instructions. 
Indexed Addressing 

In this mode, the contents of the second byte is added to the 
lower 8 bits in the Index Register. For each of AIM, OIM, EIM 
and TIM instructions, the contents of the third byte are added 
to the lower 8 bits in the Index Register. In addition, the 
resulting "carry" is added to the upper 8 bits in the Index 
Register. The result is used for addressing memory. Because the 
modified address is held in the Temporary Address Register, 
there is no change to the Index Register. These are two-byte 
instructions but AIM, OIM, EIM, TIM have three-byte. 
Implied Addressing 

In this mode, the instruction itself gives the address; stack 
pointer, index register, etc. These are 1-byte instructions. 
Relative Addressing 

In this mode, the contents of the second byte is added to the 
lower 8 bits in the program counter. The resulting carry or 
borrow is added to the upper 8 bits. This helps the user to 
address the data within a range of -126 to +129 bytes of the 
current execution instruction. These are two-byte instructions. 



ol Index Register (X) 



01 Stack Pointer (SPI 



o| Program Counter (PC) 



I ll 1 1 h| I In |z [v Iclcondition Code Register (CCR) 
t t t t_ C 
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■ Zero 

■ Negative 

- Interrupt 

' Half Carry (From Bit 3) 



Figure 23 CPU Programming Model 
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Table 8 Accumulator, Memory Manipulation Instructions 



Operations 


Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic Operation 


Condition Code 
Register 


IMMED 


DIRECT 


INDEX 


EXTEND 


IMPLIED 
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4 


3 


2 


T^ 


o- 




OP 
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# 


OP 


~ 


# 


OP 
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# 


OP 


~ 
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OP 
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H 


1 


N 


Z 


V 


c 


Add 


ADDA 


8B 


2 


2 


9B 


3 


2 


AB 


4 


2 


BB 


4 


3 








A + M- A 


J 




J 


t 


» 


X 




ADOB 


CB 


2 


2 


DB 


3 


2 


EB 


4 


2 


FB 


4 


3 








B +M-B 


t 




: 


X 


nr 


X 


Add Doable 


ADOD 


C3 


3 


3 


D3 


4 


2 


E3 


5 


2 


F3 


5 


3 








A:B + M:M + 1-A:8 


e 




t 


X 


T 


X 


Add Accumulators 


ABA 


























IB 


1 


1 


A + B- A 


X 




t 


t 


[T 


X 


Add With Carry 


ADCA 


89 


2 


2 


99 


3 


2 


A9 


4 


2 


B9 


4 


3 








A+M+C- A 


X 




: 


t 


j 


X 




ADC8 


C9 


2 


2 


D9 


3 


2 


E9 


4 


2 


F9 


4 


3 








B ♦ M+C-B 


X 




t 


t 


a 


X 


AND 


ANDA 


84 


2 


2 


94 


3 


2 


A4 


4 


2 


B4 


4 


3 








A-M- A 






t 


« 


R 


• 




ANDB 


C4 


2 


2 


D4 


3 


2 


E4 


4 


2 


F4 


4 


3 








B-M-B 






x 


X 


R 


e 


Bit Ttst 


BIT A 


85 


2 


2 


95 


3 


2 


A5 


4 


2 


B5 


4 


3 








A-M 






i 


X 


lR. 


• 




BIT B 


C5 


2 


2 


Id~5 


3 


2 


E5 


4 


2 


F5 


4 


3 








B-M 






x 


X 


R 


• 


Clear 


CLR 














6F 


5 


2 


7F 


5 


3 








00 -M 






R 


s 


R 


R 




CLRA 


























4F 


1 


1 


00- A 






R 


s 


Rj 


R 




CLRB 


























5F 


1 


1 


00 ->B 






R 


s 


R 


R 


Compare 


CMPA 


81 


2 


2 


91 


3 


2 


A1 


4 


2 


B1 


4 


3 








A-M 










t 


I 




CMPB 


CI 


2 


2 


01 


3 


2 


El 


4 


2 


F1 


4 


3 








B-M 










"T 


: 


Compare 
Accumulators 


CBA 


























11 


1 


1 


A-B 










t 


t 


Complement, 1's 


COM 














63 


6 


2 


73 


6 


3 








M-M 










r" 1 


s 




COMA 


























43 


1 


1 


A -A 










fT 


s 




COMB 


























53 


1 


1 


8 -B 










R S 


Complement, 2't 


NEG 














60 


6 


2 


70 


6 


3 








00-M-M 










© 


1) 


(Negate) 


NEGA 


























40 


1 


1 


00 - A - A 










^1 


3! 




NEGB 


























50 


1 


1 


00-B -B 










ffjl 


% 


Decimal Adjust, A 


DAA 
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2 


1 


Converts binary add of BCD 
characters into BCD format 
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(?) 


Decrement 


DEC 
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2 


7A 


6 
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M - 1 - M 
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e 




DECA 


























4A 


1 


1 


A - 1 -A 










(4) 


• 




DECB 


























5A 


1 


1 


B - 1 -B 










(«) 


• 


Exclusive OR 


EORA 


88 


2 


2 


98 


3 


2 


A8 


4 


2 


B8 


4 


3 








A© M-> A 










R 


e 




EORB 


C8 


2 


2 


D8 


3 


2 


E8 


4 


2 


F8 


4 


3 








B ©M- B 










R 


e 


Increment 


INC 














6C 


6 


2 


7C 


6 


3 








M + 1 -M 










© 


• 




INC A 


























4C 


1 


1 


A + 1 - A 










© 


• 




INC8 


























5C 


1 


1 


B + 1- B 










© 


e 


Load 


LDAA 


86 


2 


2 


96 


3 


2 


A6 


4 


2 


B6 


4 


3 








M - A 










R 


• 


Accumulator 


LDAB 


C6 


2 


2 


06 


3 


2 


E6 


4 


2 


F6 


4 


3 








M-B 










R 


• 


Load Double 
Accumulator 


LOO 


CC 


3 


3 


DC 


4 


2 


EC 


5 


2 


FC 


5 


3 








M + 1 - B. M- A 










R 


• 


Multiply Unsigned 


MUL 


























30 


7 


1 


Ax B- A : B 






• 


• 


e 


© 


OR, Inclusive 


ORAA 


8A 


2 


2 


9A 


3 


2 


AA 


4 


2 


BA 


4 


3 








A + M- A 










R 


• 




ORAB 


CA 


2 


2 


DA 


3 


2 


EA 


4 


2 


FA 


4 


3 








B +M- B 










R 


• 


Push Data 


PSHA 


























36 


4 


1 


A - Msp. SP - 1 - SP 






• 


• 


• 


• 




PSHB 


























37 


4 


1 


B - Msp, SP - 1 - SP 






• 


• 


e 


• 


Pull Data 


PULA 


























32 


3 


1 


SP + 1 - SP. Msp -> A 






• 


• 


e 


• 




PULB 


























33 


3 


1 


SP ♦ 1 - SP. Msp - B 






• 


• 


• 


• 


Rotate Left 


ROL 














69 


6 


2 


79 


6 


3 
















X 


® 


t 




ROLA 


























49 


1 


1 


^J 1111 "^ 








X 


<s> 


t 




ROLB 


























59 


1 


1 








X 


s> 


t 


Rotate Right 


ROR 














66 


6 


2 


76 


6 


3 








M ll 1 








X 


® 


X 




RORA 


























46 


1 


1 


a H_H 1 1 1 1 1 1 1 H 

J C b; bo 








X 


* 


t 




RORB 


























56 


1 


1 








X 


* 


t 



Note) Condition Code Register will be explained in Note of Table 1 1 . 



(to be continued) 
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Table 8 Accumulator, Memory Manipulation Instructions 





Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic Operation 


Condition Code 
Register 


Operations 


IMMED 


DIRECT 


INDEX 


EXTEND 


IMPLIED 


5 


4 


3 


2 


1 







OP 


- 


# 


OP 


~ 


# 


OP 


~ 


* 


OP 


~ 


# 


OP 


- 


# 


H 


1 


N 


Z 


V 


C 


Shift Left 


ASL 














68 


6 


2 


78 


6 


3 








M, „ 










® 




Arithmetic 


ASLA 


























48 


1 


1 


« [HI 1 II 1 1 1 K-o 










® 






ASLB 


























58 


1 


1 


|| C 11 bO 








t 


<D 




Double Shift 
Left, Arithmetic 


ASLD 


























05 


1 


1 


•m 










© 




^^SF'lF* 




Shift Right 


ASR 














67 


6 


2 


77 


6 


3 








M l r-» ► 










© 




Arithmetic 


ASRA 


























47 


1 


1 


:l ^ ■ ■ ■ ■ ■ uv 










© 






ASRB 


























57 


1 


1 










© 




Shift Right 


LSR 














64 


6 


2 


74 


6 


3 








M, ► 






A 


» 


3> 




Logicel 


LSRA 


























44 


1 


1 


a H 1 1 1 1 1 1 1 HJ 






R 




© 






LSRB 


























54 


1 


1 






R 




® 






LSRO 


























04 


1 


1 








R 




© 




Double Shift 
Right Logicel 


0->| ACC a/ acc ■ H| 
*» ao a? ao c 


t 


Store 


STAA 








97 


3 


2 


A7 


4 


2 


B7 


4- 


3 








A-. M 










R 


e 


Accumulator 


STAB 








D7 


3 


2 


E7 


4 


2 


F7 


4 


3 








B - M 










R 


• 


Store Double 
Accumulator 


STD 








DD 


4 


2 


ED 


5 


2 


FO 


5 


3 








A-.M 
B -. M + 1 










R 


e 


Subtract 


SUBA 


80 


2 


2 


90 


3 


2 


AO 


4 


2 


BO 


4 


3 








A-M -A 
















SUBB 


CO 


2 


2 


DO 


3 


2 


EO 


4 


2 


FO 


4 


3 








B -M -B 














Double Subtract 


SUBD 


83 


3 


3 


93 


4 


2 


A3 


5 


2 


B3 


5 


3 








A: B-M :M + 1- A: B 














Subtract 
Accumulators 


SBA 


























10 


1 


1 


A-B- A 














Subtract 


SBCA 


82 


2 


2 


92 


3 


2 


A2 


4 


2 


B2 


4 


3 








A-M-C- A 














With Carry 


SBCB 


C2 


2 


2 


D2 


3 


2 


E2 


4 


2 


F2 


4 


3 








B -M-C-B 














Transfer 


TAB 


























16 


1 


1 


A-B 










R 




Accumulators 


TBA 


























17 


1 


1 


B- A 










R 


e 


Test Zero or 


TST 














60 


4 


2 


70 


4 


3 








M-00 










R 


R 


Minus 


TSTA 


























4D 


1 


1 


A-00 










R 


R 




TSTB 


























50 


1 


1 


8-00 










R 


R 


And Immediate 


AIM 








71 


6 


3 


61 


7 


3 














MIMM-M 










R 


• 


OR Immediate 


OIM 








72 


6 


3 


62 


7 


3 














M + IMM-M 










R 


• 


EOR Immediate 


EIM 








75 


6 


3 


65 


7 


3 














M®IMM-M 










R 


• 


Test Immediate 


TIM 








7B 


4 


3 


6B 


5 


3 














M-IMM 










R 


• 



Note) Condition Code Register will be explained in Note of Table 1 1 . 



• New Instructions 

In addition to the HD6801 Instruction Set, the HD6301V1 

has the following new instructions: 

AIM— (M)-(IMM)-(M) 

Evaluates the AND of the immediate data and the 
memory, places the result in the memory. 

OIM— (M) + (IMM)-(M) 

Evaluates the OR of the immediate data and the 
memory, places the result in the memory. 

EIM— (M)© (IMM) -* (M) 

Evaluates the EOR of the immediate data and the 
contents of memory, places the result in memory. 



TIM--- (M)- (IMM) 

Evaluates the AND of the immediate data and the 

memory, changes the flag of associated condition code 

register 
Each instruction has three bytes; the first is op-code, the 
second is immediate data, the third is address modifier. 
XGDX--(ACCD)-(IX) 

Exchanges the contents of accumulator and the index 

register. 
SLP The CPU is brought to the sleep mode. For sleep 

mode, see the "sleep mode" section. 
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Table 9 Index Register, Stack Manipulation Instructions 





Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic Operation 


Condition Code 
Register 


Pointer Operations 


IMMED. 


DIRECT 


INDEX 


EXTEND 


IMPLIED 


5 


4 


3 


2 


i 







OP 


~ 


# 


OP 


~ 


» 


OP 


~ 


# 


OP 


~ 


« 


OP 


~ 


# 


H 


1 


N 


Z 


V 


C 


Compare Index Reg 


CPX 


8C 


3 


3 


9C 


4 


2 


AC 


5 


2 


BC 


s 


3 








X-M M + 1 






; 


: 


: 


t 


Decrement Index Reg 


DEX 


















09 


1 


1 


X - 1 ->X 






• 


t 


• 




Decrement Stack Pntr 


DES 
























34 


1 


1 


SP - 1 - SP 














Increment Index Reg 


INX 
























08 


1 


1 


X ♦ 1 -> X 






• 


t 


• 




Increment Stack Pntr 


INS 










4 
















31 


1 


1 


SP ♦ 1 - SP 














Load Index Reg 


LDX 


CE 


3 


3 


OE 


2 


EE 


5 


2 


FE 


s 


3 








M- X H ,(M + 1)- X L 






<2> 


t 


R 




Load Stack Pntr 


LOS 


8E 


3 


3 


9E 


4 


2 


AE 


5 


2 


8E 


5 


3 








M-SP H . <M+1)-SP L 






® 


t 


R 




Store Index Reg 


STX 








OF 
9F 


4 


2 


EF 


5 


2 
2 


fFI 


5 


3 








X„-M.X L -(M + 11 






(£ 


i 


R 




Store Stack Pntr 


STS 






4 


2 


AF 


5 


BF 


5 


3 








SP H -M,SP L ~(M+1) 






<£ 


t 


R 




Index Reg - Stack Pntr 


TXS 


























35 


1 


1 


X - 1 - SP 














Stack Pntr - Index Reg 


TSX 


























30 


1 


1 


SP + 1 - X 














Add 


ABX 


























3A 


1 


1 


B + X- X 














Push Data 


PSHX 


























3C 


5 


1 


X L -M,p. SP- 1 -SP 
X H - M„,. SP - 1 - SP 














Pull Data 


PULX 


























38 


4 


1 


SP+ 1-SP.M W -X H 
SP* 1-SP. M,p- X L 














Exchange 


XGDX 


























18 


2 


1 


ACCD--IX 















Note) Condition Code Register will be explained in Note of Table 11. 



Table 10 Jump, Branch Instruction 





Mnemonic 


Addressing Modes 


Branch Test 


Condition Code 
Register 


Operations 


RELATIVE 


DIRECT 


INDEX 


EXTEND 


IMPLIED 


5 


4 


3 


2 


1 







OP 


- 


# 


OP 


~ 


« 


OP 


~ 


« 


OP 


~ 


« 


OP 


~ 


« 


H 


1 


N 


Z 


V 


C 


Branch Always 


BRA 


20 


3 


2 


























None 














Branch Never 


BRN 


21 


3 


2 


























None 














Branch If Carry Clear 


BCC 


24 


3 


2 


























C = 














Branch If Carry Set 


BCS 


25 


3 


2 


























C- 1 














Branch If - Zero 


BEQ 


27 


3 


2 


























Z- 1 














Branch If > Zero 


BGE 


2C 


3 


2 


























N© V-0 














Branch If > Zero 


BGT 


2E 


3 


2 


























Z + IN© V)-0 














Branch If Higher 


BHI 


22 


3 


2 


























C + Z-0 














Branch If < Zero 


8LE 


2F 


3 


2 


























Z + (N© VI- 1 














Branch If Lower Or 
Same 


8LS 


23 


3 


2 


























C + Z-1 














Branch If < Zero 


BLT 


2D 


3 


2 


























N © V- 1 














Branch If Minus 


BMI 


2B 


3 


2 


























N- 1 














Branch If Not Equal 
Zero 


BNE 


26 


3 


2 


























Z = 














Branch If Overflow 
Clear 


BVC 


28 


3 


2 


























V-0 














Branch If Overflow Set 


BVS 


29 


3 


2 


























V- 1 














Branch If Plus 


BPL 


2A 


3 


2 


























N-0 














Branch To Subroutine 


BSR 


8D 


5 


2 








































Jump 


JMP 














6E 


3 


2 


7E 


3 


3 




















Jump To Subroutine 


JSR 








90 


5 


2 


AO 


5 


2 


8D 


6 


3 




















No Operation 


NOP 


























01 


1 


1 


Advances Prog. Cntr. 
Only 














Return From Interrupt 


RTI 


























3B 


10 


1 




CD 


Return From 
Subroutine 


RTS 


























39 


5 


1 














Software Interrupt 


SWI 


























3F 


12 


1 


• 


S 


• 


• 


• 


• 


Wait for Interrupt* 


WAI 


























3E 


9 


1 


• 


CD 


• 


• 


• 


• 


Sleep 


SLP 


























1A 


4 


1 

















Note) * WAI pu,s R/W h ' gh; Address Bus 9° es to FFFP; Data Bus goes to the three : 
Condition Code Register mill be explained in Note of Table 1 1 . 
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Table 1 1 Condition Code Register Manipulation Instructions 





Mnemonic 


Address ingModei 


Boolean Operation 


Condition Code Register 


Operation! 


IMPLIED 


5 


4 


3 




1 







OP 


~ 


• 


H 


1 


N 




V 


c 


ClMr Carry 


CLC 


OC 


1 




0-C 




• 






. 


R 


Claar Interrupt Mafk 


CLI 


OE 


1 




0- 1 




R 






• 


. 


Claar Overflow 


CLV 


OA 


1 




o-v 




. 






R 


. 


Sat Carry 


SEC 


00 


1 




t -C 




• 






. 


S 


Sat Interrupt Maik 


SEI 


OF 


1 




1 -. 1 




S 






• 


. 


Set Overflow 


SEV 


OB 


1 




1 -V 




. 






S 


. 


Accumuletor A — CCR 


TAP 


06 


1 




A-. CCR 






CCR -» Accumulator A 


TPA 


07 


1 




CCR -A 


• |. I.I.I. I- 



[NOTE 1] Condition Code Register Notes: (Bit set if test is true and cleared otherwise) 

Test: Result = 10000000? 

Test: Result ^ 00000000? 

Test: BCD Character of high-order byte greater than 9 ? (Not cleared if previously set) 

Test: Operand = 10000000 prior to execution? 

Test: Operand = 01111111 prior to execution? 

Test: Set equal to N®C=1 after the execution of instructions 

Test: Result less than zero? (Bit 15=1 ) 

Load Condition Code Register from Stack. 

Set when interrupt occurs. If previously set, a Non-Maskable Interrupt is required to exit the wait 

state. 

Set according to the contents of Accumulator A. 

Result of Multiplication Bit 7= 1 of ACCB? 

[NOTE 2] CLI instructions and interrupt. 

If interrupt mask-bit is set (1="1") and interrupt is requested (IRQi = "0" or IRQ, = "0"), , 
and then CLI instruction is executed, the CPU responds as follows. 

1 the next instruction of CLI is one-machine cycle instruction. 
Subsequent two instructions are executed before the interrupt is responded. 
That is, the next and the next of the next instruction are executed. 

2 the next instruction of CLI is two-machine cycle (or more) instruction. 

Only the next instruction is executed and then the CPU jump to the interrupt routine. 
Even if TAP instruction is used, instead of CLI, the same thing occurs. 



(i) 


(BitV) 


® 


(BitC) 


0) 


(BitC) 


9) 


(Bit V) 


® 


(BitV) 


© 


(Bit V) 


(i) 


(BitN) 


(8) 


(All Bit) 


(D 


(Bitl) 


ft 


(All Bit) 


W 


(BitC) 



Table 1 2 OP-Code Map 



OP 






ACC 
A 


ACC 
B 


IND 


EXJ/ 

/DIR 


ACCA or SP 


ACCB or X 




CODE 


IMM 


DIR 


IND 


EXT 


IMM 


DIR 


IND 


EXT 




\ HI 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


HOI 


1110 


III! 







1 


2 


3 


4 


5 | 6 


* 


8 


9 


A 


B 


C 


D 


E 


F 




0000 







SBA 


BRA 


TSX 


NEG 


SUB 





0001 


1 


NOP 


CBA 


BRN 


INS 


__^- " 


AIM 


CMP 


1 


0010 


2 






BHI 


PULA 




OIM 


SBC 


2 


0011 


3 






BLS 


PULB 


COM 




SUBD 




ADDD 




3 


0100 


4 


LSRO 




BCC 


DES 


LSR 


AND 


4 


0101 


S 


ASLO 




BCS 


TXS 


^-——~~ "1 EIM 


BIT 


S 


0110 


6 


TAP 


TAB 


BNE 


PSHA 


ROR 


LDA 


6 


Oil) 


7 


TPA 


TBA 


BEQ 


PSHB 


ASR 




STA 


L^ 


STA 




7 


1000 


8 


INX 


XGOX 


BVC 


PULX 


ASL 






EOR 






8 


1001 


9 


OEX 


OAA 


BVS 


RTS 


ROL 


ADC 


9 


1010 


A 


CLV 


SLP 


BPL 


ABX 


DEC 


ORA 


A 


ion 


B 


SEV 


ABA 


BMI 


RTI 


_- ' — " TIM 


ADD 


8 


1100 


C 


CLC 




BGE 


PSHX 


INC 


CPX 


LDD 


C 


1101 


O 


SEC 




BLT 


MUL 


TST 


BSR 


JSR 




^ 


STD 




D 


1110 


E 


CLI 




BGT 


WAI 


^""L'-^l JMP 


LDS 


LDX 


E 


lilt 


F 


SEI 




BLE 


SWI 


CLR 




STS 


^ STX 


F 









1 


2 


3 


4 


S 1 6 | 7 


8 


9 1 A 


. 




O E 


' 





UNDEFINED OP CODE U— - "') 

* Only for instructions of AIM, OIM, EIM, TIM 
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• Instruction Execution Cycles 

In the HMCS6800 series, the execution cycle of each in- 
struction is the number of cycles between the start of the 
current instruction fetch and just before the start of the sub- 
sequent instruction fetch. 

The HD6301V1 uses a mechanism of the pipeline con- 
trol for the instruction fetch and the subsequent instruction 
fetch is performed during the current instruction being exe- 



cuted. 

Therefore, the method to count instruction cycles used in 
the HMCS6800 series cannot be applied to the instruction cy- 
cles such as MULT, PULL, DAA and XGDX in the HD6301 VI . 

Table 13 provides the information about the relationship 
among each data on the Address Bus, Data Bus, and R/W status 
in cycle-by-cycle basis during the execution of each instruction. 



Table 13 Cycle-by-Cycle Operation 



Address Mode & 
Instructions 



Cycles 



Cycle 



Address Bus 



R/W 



Data Bus 



IMMEDIATE 



ADC ADD 
AND BIT 
CMP EOR 
LDA ORA 
SBC SUB 


2 


1 
2 


Op Code Address +1 
Op Code Address+2 


1 
1 


Operand Data 
Next Op Code 


ADDD CPX 
LDD LDS 
LDX SUBD 


3 


1 
2 
3 


Op Code Address +1 
Op Code Address+2 
Op Code Address+3 


1 
1 
1 


Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 



DIRECT 



ADC 


ADD 




1 


Op Code Address +1 


1 


Address of Operand (LSB) 


AND 


BIT 




2 


Address of Operand 


1 


Operand Data 


CMP 


EOR 


3 


3 


Op Code Address + 2 


1 


Next Op Code 


LDA 


ORA 












SBC 


SUB 












STA 






1 


Op Code Address + 1 


1 


Destination Address 






3 


2 
3 


Destination Address 
Op Code Address + 2 




1 


Accumulator Data 
Next Op Code 


ADDD 


CPX 




1 


Op Code Address +1 


1 


Address of Operand (LSB) 


LDD 


LDS 




?2 


Address of Operand 


1 


Operand Data (MSB) 


LDX 


SUBD 




3 
4 


Address of Operand +1 
Op Code Address + 2 


1 
1 


Operand Data (LSB) 
Next Op Code 


STD 


STS 




1 


Op Code Address +1 


1 


Destination Address (LSB) 


STX 






2 


Destination Address 





Register Data (MSB) 








3 


Destination Address+1 





Register Data (LSB) 








4 


Op Code Address + 2 


1 


Next Op Code 


JSR 






1 
2 


Op Code Address+1 
FFFF 


1 
1 


Jump Address (LSB) 
Restart Address (LSB) 






5 


3 


Stack Pointer 





Return Address (LSB) 








4 


Stack Pointer— 1 





Return Address (MSB) 








5 


Jump Address 


1 


First Subroutine Op Code 


TIM 






1 


Op Code Address+1 


1 


Immediate Data 






4 


2 


Op Code Address+2 


1 


Address of Operand (LSB) 






3 


Address of Operand 


1 


Operand Data 








4 


Op Code Address + 3 


1 


Next Op Code 


AIM 


EIM 




1 


Op Code Address+1 


1 


Immediate Data 


OIM 






2 


Op Code Address+2 


1 


Address of Operand (LSB) 






6 


3 


Address of Operand 


1 


Operand Data 






4 


FFFF 


1 


Restart Address (LSB) 








5 


Address of Operand 





New Operand Data 








6 


Op Code Address+3 


1 


Next Op Code 



— Continued 



272 



S> HITACHI 



HD6301V1,HD63A01V1,HD63B01V1 



Table 13 Cycle-by -Cycle Operation (Continued) 



Address Mode & 
Instructions 



Cycles 



Cycle 

* 



Address Bus 



R/W 



Data Bus 



INDEXED 



JMP 


3 


1 
2 
3 


Op Code Address+ 1 

FFFF 

Jump Address 




Offset 

Restart Address (LSB) 

First Op Code of Jump Routine 


ADC ADD 
AND BIT 
CMP EOR 
LDA ORA 
SBC SUB 
TST 


4 


1 
2 
3 
4 


Op Code Address +1 

FFFF 

IX+Offset 

Op Code Address +2 




Offset 

Restart Address (LSB) 
Operand Data 
Next Op Code 


STA 


4 


1 
2 
3 
4 


Op Code Address + 1 

FFFF 

IX+Offset 

Op Code Address +2 





Offset 

Restart Address (LSB) 
Accumulator Data 
Next Op Code 


ADDD 

CPX LDD 
LDS LDX 
SUBD 


5 


1 
2 
3 
4 
5 


Op Code Address+ 1 

FFFF 

IX+Offset 

IX + Offset +1 

Op Code Address +2 




Offset 

Restart Address (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 


STD STS 
STX 


5 


1 
2 
3 
4 
5 


Op Code Address + 1 

FFFF 

IX+Offset 

IX+Offset+1 

Op Code Address +2 






Offset 

Restart Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 
Next Op Code 


JSR 


5 


1 
2 
3 
4 
5 


Op Code Address +1 

FFFF 

Stack Pointer 

Stack Pointer- 1 

IX+Offset 





Offset 

Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 


ASL ASR 
COM DEC 
INC LSR 
NEG ROL 
ROR 


6 


1 
2 
3 
4 
5 
6 


Op Code Address + 1 

FFFF 

IX+Offset 

FFFF 

IX + Offset 

Op Code Address +1 




Offset 
. Restart Address (LSB) 
Operand Data 
Restart Address (LSB) 
New Operand Data 
Next Op Code 


TIM 


5 


1 
2 
3 
4 
5 


Op Code Address+1 

Op Code Address +2 

FFFF 

IX+Offset 

Op Code Address + 3 




Immediate Data 

Offset 

Restart Address (LSB) 

Operand Data 

Next Op Code 


CLR 


5 


1 
2 
3 
4 
5 


Op Code Address + 1 

FFFF 

IX+Offset 

IX+Offset 

Op Code Address +2 





Offset 

Restart Address (LSB) 

Operand Data 

00 

Next Op Code 


AIM EIM 
OIM 


7 


1 
2 
3 
4 
5 
6 
7 


Op Code Address+1 

Op Code Address +2 

FFFF 

IX+Offset 

FFFF 

IX+Offset 

Op Code Address +3 




1 


Immediate Data 

Offset 

Restart Address (LSB) 

Operand Data 

Restart Address (LSB) 

New Operand Data 

Next Op Code 
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Table 13 Cycle-by-Cycle Operation (Continued) 



Address Mode & 
Instructions 



Cycles 



Cycle 

at 



Address Bus 



R/W 



Data Bus 



EXTEND 



JMP 


3 


1 
2 
3 


Op Code Address +1 
Op Code Address +2 
Jump Address 




Jump Address (MSB) 
Jump Address (LSB) 
Next Op Code 


ADC ADD TST 
AND BIT 
CMP EOR 
LDA ORA 
SBC SUB 


4 


1 
2 
3 
4 


Op Code Address+ 1 
Op Code Address +2 
Address of Operand 
Op Code Address +3 




Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 
Next Op Code 


STA 


4 


1 
2 
3 
4 


Op Code Address+1 
Op Code Address +2 
Destination Address 
Op Code Address +3 





Destination Address (MSB) 
Destination Address (LSB) 
Accumulator Data 
Next Op Code 


ADDD 

CPX LDD 
LDS LDX 
SUBD 


5 


1 
2 
3 
4 
5 


Op Code Address+1 
Op Code Address +2 
Address of Operand 
Address of Operand + 1 
Op Code Address+3 




Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 


STD STS 
STX 


5 


1 
2 
3 
4 
5 


Op Code Address+1 
Op Code Address +2 
Destination Address 
Destination Address+1 
Op Code Address+3 






Destination Address (MSB) 
Destination Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 
Next Op Code 


JSR 


6 


1 
2 
3 
4 
5 
6 


Op Code Address+1 

Op Code Address+2 

FFFF 

Stack Pointer 

Stack Pointer— 1 

Jump Address 






Jump Address (MSB) 
Jump Address (LSB) 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 


ASL ASR 
COM DEC 
INC LSR 
NEG ROL 
ROR 


6 


1 
2 
3 
4 
5 
6 


Op Code Address+1 

Op Code Address+2 

Address of Operand 

FFFF 

Address of Operand 

Op Code Address+3 





Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 
Restart Address (LSB) 
New Operand Data 
Next Op Code 


CLR 


5 


1 
2 
3 
4 
5 


Op Code Address+1 
Op Code Address+2 
Address of Operand 
Address of Operand 
Op Code Address+3 




1 


Address of Operand (MSB) 

Address of Operand (LSB) 

Operand Data 

00 

Next Op Code 
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Table 13 Cycle-by -Cycle Operation (Continued) 



Address Mode & 
Instructions 



Cycles 



Cycle 



Address Bus 



R/W 



Data Bus 



IMPLIED 



ABA ABX 
ASL ASLD 
ASR CBA 
CLC CLI 
CLR CLV 
COM DEC 
DES DEX 
INC INS 
INX LSR 
LSRD ROL 
ROR NOP 
SBA SEC 
SEI SEV 
TAB TAP 
TBA TPA 
TST TSX 
TXS 


1 


1 


Op Code Address +1 


1 


Next Op Code 


DAA XGDX 


2 


1 
2 


Op Code Address + 1 
FFFF 




Next Op Code 
Restart Address (LSB) 


PULA PULB 


3 


1 
2 
3 


Op Code Address + 1 

FFFF 

Stack Pointer + 1 




Next Op Code 
Restart Address (LSB) 
Data from Stack 


PSHA PSHB 


4 


1 
2 
3 
4 


Op Code Address + 1 

FFFF 

Stack Pointer 

Op Code Address -I- 1 





Next Op Code 
Restart Address (LSB) 
Accumulator Data 
Next Op Code 


PULX 


4 


1 
2 
3 
4 


Op Code Address +1 

FFFF 

Stack Pointer +1 

Stack Pointer +2 




Next Op Code 
Restart Address (LSB) 
Data from Stack (MSB) 
Data from Stack (LSB) 


PSHX 


5 


1 
2 
3 
4 
5 


Op Code Address + 1 

FFFF 

Stack Pointer 

Stack Pointer -1 

Op Code Address +1 






Next Op Code 
Restart Address (LSB) 
Index Register (LSB) 
Index Register (MSB) 
Next Op Code 


RTS 


5 


1 
2 
3 
4 
5 


Op Code Address + 1 

FFFF 

Stack Pointer-)- 1 

Stack Pointer +2 

Return Address 




Next Op Code 
Restart Address (LSB) 
Return Address (MSB) 
Return Address (LSB) 
First Op Code of Return Routine 


MUL 


7 


1 
2 
3 

4 
5 
6 

7 


Op Code Address +1 

FFFF 

FFFF 

FFFF 

FFFF 

FFFF 

FFFF 




Next Op Code 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
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Table 13 Cycle-by-Cycle Operation (Continued) 



Address Mode & 
Instructions 



Cycles 



Cycle 



Address Bus 



R/W 



Data Bus 



IMPLIED 



WAI 




1 


Op Code Address +1 


1 


Next Op Code 






2 


FFFF 


1 


Restart Address (LSB) 






3 


Stack Pointer 





Return Address (LSB) 






4 


Stack Pointer- 1 





Return Address (MSB) 




9 


5 


Stack Pointer -2 





Index Register (LSB) 






6 


Stack Pointer -3 





Index Register (MSB) 






7 


Stack Pointer -4 





Accumulator A 






8 


Stack Pointer -5 





Accumulator B 






9 


Stack Pointer -6 





Conditional Code Register 


RTI 




1 


Op Code Address + 1 




Next Op Code 






2 


FFFF 




Restart Address (LSB) 






3 


Stack Pointer 




Conditional Code Register 






4 


Stack Pointer + 1 




Accumulator B 




10 


5 


Stack Pointer + 2 




Accumulator A 




6 


Stack Pointer +3 




Index Register (MSB) 






7 


Stack Pointer +4 




Index Register (LSB) 






8 


Stack Pointer +5 




Return Address (MSB) 






9 


Stack Pointer +6 




Return Address (LSB) 






10 


Return Address 




First Op Code of Return Routine 


SWI 




1 


Op Code Address +1 




Next Op Code 






2 


FFFF 




Restart Address (LSB) 






3 


Stack Pointer 





Return Address (LSB) 






4 


Stack Pointer — 1 





Return Address (MSB) 






5 


Stack Pointer - 2 





Index Register (LSB) 




12 


6 


Stack Pointer - 3 





Index Register (MSB) 




7 


Stack Pointer — 4 





Accumulator A 






8 


Stack Pointer - 5 





Accumulator B 






9 


Stack Pointer - 6 





Conditional Code Register 






10 


Vector Address FFFA 




Address of SWI Routine (MSB) 






11 


Vector Address FFFB 


1 


Address of SWI Routine (LSB) 






12 


Address of SWI Routine 




First Op Code of SWI Routine 


SLP 




1 


Op Code Address+1 




Next Op Code 






2 


FFFF 




Restart Address (LSB) 






J 


FFFF 




High Impedance-Non MPX Mode 










Address Bus -MPX Mode 




4 


Sleep 

I 






I 

Restart Address (LSB) 






1 
3 


FFFF 








4 


Op Code Address+1 




Next Op Code 
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Table 13 Cycle-by-Cycle Operation (Continued) 



Address Mode & 
Instructions 



Cycles 



Cycle 



Address Bus 



! R W 



Data Bus 



RELATIVE 



BCC 


BCS 




1 


Op Code Address+1 


1 


Branch Offset 


BEQ 


BGE 


3 


2 


FFFF 


1 


Restart Address (LSB) 


BGT 


BHI 




3 


I Branch Address Test="1" 




First Op Code of Branch Routine 


BLE 


BLS 




I Op Code Address+ 1 • -Test="0" 




Next Op Code 


BLT 


BMT 












BNE 


BPL 












BRA 


BRN 












BVC 


BVS 












BSR 






1 
2 


Op Code Address+1 
FFFF 


1 
1 


Offset 

Restart Address (1SB) 






5 


3 


Stack Pointer 





Return Address (LSB) 








4 


Stack Pointer -1 





Return Address (MSB) 








5 


Branch Address 


1 


First Op Code of Subroutine 



■ LOW POWER CONSUMPTION MODE 

The HD6301V1 has two low power consumption modes; sleep 
and standby mode. 

• Sleep Mode 

On execution of SLP instruction, the MCU is brought to the 
sleep mode. In the sleep mode, the CPU sleeps (the CPU clock 
becomes inactive), but the contents of the registers in the CPU 
are retained. In this mode, the peripherals of CPU will remain 
active. So the operations such as transmit and receive of the 
SCI data and counter may keep in operation. In this mode, 
the power consumption is reduced to about 1/6 the value of 
a normal operation. 

The esca pe f rom this mode can be done by interrupt, RES, 
STBY. The RES resets the MCU and the STBY brings it into the 
standby mode (This will be mentioned later). When interrupt is 
requested to the CPU and accepted, the sleep mode is released, 
then the CPU is brought in the operation mode and jumps to 
the interrupt routine. When the CPU has masked the interrupt, 
after recovering from the sleep mode, the next instruction of 
SLP starts to execute. However, in such a case that the timer 
interrupt is inhibited on the timer side, the sleep mode cannot 
be released due to the absence of the interrupt request to the 



CPU. 

This sleep mode is available to reduce an average power 
consumption in the applications of the HD6301V1 which may 
not be always running. 

• Standby Mode 

Bringing STBY "Low", the CPU becomes reset and all 
clocks of the HD6301V1 become inactive. It goes into the 
standby mode. This mode remarkably reduces the power con- 
sumptions of the HD6301 VI . 

In the standby mode, if the HD6301V1 is continuously 
supplied with power, the contents of RAM is retained. The 
standby mode should escape by the reset start. The following 
is the typical application of this mode. 

First, NMI routine stacks the MCU's internal information and 
the contents of SP in RAM, disables RAME bit of RAM control 
register, sets the Standby bit, and then goes into the standby 
mode. If the Standby bit keeps set on reset start, it means 
that the power has been kept during standby mode and the 
contents of RAM is normally guaranteed. The system recovery 
may be possible by returning SP and bringing into the condition 
before the standby mode has started. The timing relation for 
each line in this application is shown in Figure 24. 




1 NMI 














W 




s Sis 




1 








1 
1 
1 


Z STBY . 




1 

1 






" 


1 

1 



Stack registers 


Oscillator 


RAM control 


stabilizing 


register set 


time 



Figure 24 Standby Mode Timing 
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■ ERROR PROCESSING 

When the HD6301V1 fetches an undefined instruction or 
fetches an instruction from unusable memory area, it generates 
the highest priority internal interrupt, that may protect from 
system upset due to noise or a program error. 

• Op-Cod« Error 

Fetching an undefined op-code, the HD6301V1 will stack the 
CPU register as in the case of a normal interrupt and vecior to 
the TRAP (SFFEE, SFFEF), that has a second highest priority 
(RES is the highest). 

• Address Error 

When an instruction is fetched from other than a resident 
ROM, RAM, or an external memory area, the CPU starts the 
same interrupt as op-code error. In the case which the instruc- 
tion is fetched from external memory area and that area is not 
usable, the address error cannot be detected. 

The addresses which cause address error in particular mode 
are shown in Table 14. 

This feature is applicable only to the instruction fetch, not to 
normal read/write of data accessing. 





Table 14 


Address Error 




Mode 





1 


2.4 


5 


6 


7 


Address 


$0000 

1 
»001F 


$0000 

1 
$00IF 


$0000 

i 
$00IF 


$0000 

1 
$007F 
$0200 

l 
$EFFF 


$0000 

1 
$00IF 


$0000 

1 
$007F 
$0100 

1 
$EFFF 



System Flow chart of HD6301 VI is shown in Fig. 25. 

Transitions among the active mode, sleep mode, standby 
mode and reset are shown in Fig. 26. 

Figures 27, 28, 29 and 30 shows a system configuration. 
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( RESET J 




Figure 25 HD6301 V1 System Flow Chart 
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Figure 26 Transitions among Active Mode, Standby Mode, 
Sleep Mode, and Reset 
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Figure 27 HD6301 VI MCU Single-Chip Dual Processor Configuration 
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Figure 28 HD6301 V1 MCU Expanded Non-Multiplexed Mode 

(Mode 5) 
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Figure 29 HD6301V1 MCU Expanded Multiplexed Mode 
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Figure 30 HD6301V1 MCU Expanded Non-Multiplexed Mode (Mode 1) 
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■ PRECAUTION TO THE BOARD DESIGN OF OSCILLA- 
TION CIRCUIT 

As shown in Fig. 3 1 , there is a case that the cross talk dis- 
turbs the normal oscillation if signal lines are put near the 
oscillation circuit. When designing a board, pay attention to 
this. Crystal and C L must be put as near the HD6301V1 as 
possible. 



Standby State 



^^ 



rhc L 



XTAL 
EXTAL 



Do not use this kind of print board design. 

Figure 31 Precaution to the boad design of 
oscillation circuit 

■ PIN CONDITIONS AT SLEEP AND STANDBY STATE 
• Sleep State 

The conditions of power supply pins, clock pins, input pins 
and E clock pin are the same as those of operation. Refer to 
Table 15 for the other pin conditions. 



Only power supply pins and STBY pin are active. As for the 
clock pin EXTAL, its input is fixed internally so the MCU is 
not influenced by the pin conditions. XTAL is in "1" output. 
All the other pins are in high impedance. 

■ DIFFERENCE BETWEEN HD6301V0 and HD6301V1 

The HD6301V1 is an upgraded version of the HD6301V0. 
The difference between HD6301V0 and HD6301V1 is shown 
in Table 17. 

Table 17 Difference between HD6301 VO and HD6301V1 



Item 


HD6301V0 


HD6301V1 


Operating 
Mode 


Mode 2: Not defined 


Mode 2: Expanded 
Multiplexed Mode 
(Equivalent to Mode 4) 


Electrical 
Character- 
istics 


The electrical character- 
istics of 2MHz version 
(B version) are not speci- 
fied. 


Some characteristics 
are improved. 
The 2MHz version is 
guaranteed. 


Timer 


Has problem in output 
compare function. 
(Can be avoided by soft- 
ware.) 


The problem is solved. 



Table 15 Pin Condition in Sleep Mode 



--- -. Mode 
Pin ^~-~-_^ 





1 


2.4 


5 


6 


7 


Port 1 


Function 


I/O Port 


Lower Address Bus 


I/O Port 


- 


- 


- 


P|0~"P|1 


Condition 


Keep the condition 
just before sleep 


Output "1" 


Keep the condition 
just before sleep 


- 


- 


- 


Port 2 


Function 


I/O Port 


"- 


- 


*" 


- 


- 


Pio""Pi4 


Condition 


Keep the condition 
just before sleep 


- 


- 


- 


- 


- 


Port 3 

PjO~Pj7 


Function 


E: Lower Address 

Bus 
E: Data Bus 


Data Bus 


E: Lower Address 

Bus 
E : Data Bus 


Data Bus 


E: Lower Address 

Bus 
E: Data Bus 


I/O Port 


Condition 


E: Output "1" 
E: High Impedance 


High Impedance 


E: Output "1" 
E: High Impedance 


High Impedance 


E: Output "1 " 

E: High Impedance 


Keep the condition 
just before sleep 




Function 


Upper Address 


- 


- 


Lower Address Bus 
or Input Port 


Upper Address Bus 
or Input Port 


I/O Port 


Port 4 

P40~P47 


Condition 


Output "1" 


- 


- 


Address Bus: Out- 
put "1" 

Port: Keep the con- 
dition just before 
sleep 


- 


Keep the condition 
just before sleep 


SC2 


Output "1" 
(Read Condition) 


«- 


- 


- 


- 


Output "1" 


SCi 


Output Address 
Strobe 


- 


- 


Output "1" 


Output Address 
Strobe 


Input Pin 
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Table 16 Pin Condition during RESET 



"~^\^^ mode 
pin ^~~~"~--^^ 


0,2,4,6 


1 


5 


7 


Portl 


high impedance (input) 








PlO ~Pl7 








Port 2 


high impedance (input) 








P20 ~ P24 








Port 3 


E: "1" output 
E: high impedance 


high impedance 






P30 ~ P37 






Port 4 


high impedance (input) 








P40 ~ P47 








SC2 


"1" output (Read) 








(R/W) 






1 output 


SCi 


E: "1" output 
E: "0" output 




"1" output 




(AS) 




high impedance (input) 
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HD63B01X0 

CMOS MCU (Microcomputer Unit) 

-PRELIMINARY 



The HD6301X0 is a CMOS single-chip microcomputer unit 
(MCU) which includes a CPU compatible with the HD6301V1, 
4k bytes of ROM, 192 bytes of RAM, 53 parallel I/O pins, a 
Serial Communication Interface (SCI) and two timers on chip. 



■ FEATURES 

• Instruction Set Compatible with the HD6301 V1 

• Abundant On-chip Functions 

4k Bytes of ROM, 192 Bytes of RAM 

53 Parallel I/O Ports 

16-Bit Programmable Timer 

8-Bit Reloadable Timer 

Serial Communication Interface 

Memory Ready 

Halt 

Error-Detection (Address Trap, Op Code Trap) 

• Interrupts ... 3 External, 7 Internal 

• Operation Mode 

Mode 1 . . . Expanded (Internal ROM Inhibited) 
Mode 2 . . . Expanded (Internal ROM Valid) 
Mode 3 . . . Single-chip Mode 

• Low Power Dissipation Mode 

Sleep 
Standby 

• Wide Range of Operation 
V CC = 3~6V (f = 0.1~0.5MHz). 
V C c - SV±10%fi = 0.5 ~ 1.0MHz; HD6301X0 

f = 0.5 ~ 1.5MHz; HD63A01X0 
f = 0.5 ~ 2.0MHz; HD63B01X0 



HD6301X0P, HD63A01X0P 
HD63B01X0P 




(DP-64S) 



HD6301X0F, HD63A01X0F, 
HD63B01X0F 




(FP-80) 
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PIN ARRANGEMENT 

HD6301X0P, HD63A01X0P, HD63B01X0P 



HD6301X0F, HD63A01X0F, HD63B01X0F 




(Top View) 
■ BLOCK DIAGRAM 
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(Top View) 
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3nc 



PlofTin) - 
Pl.(Toutl)- 
P.i(SCLK) - 
P„(Rx) - 
P«<T«> - 
P»(Tout2)- 
PufTootS)- 
PhITCLK)- 



PioflTOTl - 
PiilTOS) - 
P«<MR> - 
P.l(HALT|- 



A 



BflfS 



mil 



V- 



II 



1 1— 



i — -p.., 



-P»/RD 
-P,,/WR 
-P71/R/W 

-p>i/cm 
-PI4/BA 

-Pjo/Do 
-Pj./D, 
-P|./0, 
Pj«/D, 
P»/0, 
P»/Df 
P»/D« 
P»/D, 



P,o/Ao 
P../A, 
P11/A, 
P„/A, 



i/A. 
-P../A, 
-P../A. 
-P.i/A, 



-P«/A, 
-P../A, 
-P«/A,o 
-P.J/A,, 
-P44/A,, 
-P41/A1, 
-PWA,. 
-P.,/A„ 



RAM 
192 ByM 



ROM 
4k Bytes 
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■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage 


V C c 


-0.3 ~ +7.0 


V 


Input Voltage 


V in 


-0.3 ~ Vcc+0.3 


V 


Operating Temperature 


Topr 


0~+70 


°C 


Storage Temperature 


* stg 


-55 ~ +150 


°C 



(NOTE) This product has protection circuits in input terminal from high static electricity voltage and high electric field. 
But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection 
circuits. To assure the normal operation, we recommend V in , V out : Vss ^ <V in or V out ) k V cc . 

■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (V C c - 5.0V±10%, Vss = 0V, Ta = ~ +70°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 




RES.STBY 


V, H 




V C c-0.5 


- 


Vcc 
+0.3 




Input "High" Voltage 


EXTAL 


Vccx0.7 


- 


V 




Other Inputs 


2.0 


■- 




Input "Low" Voltage 


All Inputs 


V 1L 




-0.3 


- 


0.8 


V 


Input Leakage Current 


NMI, RES.STBY, 
MP ,MP lf Port5 


Hinl 


V in = 0.5~V cc -0.5V 


- 


- 


1.0 


MA 


Three State (off -state) 
Leakage Current 


Ports 1,2, 3, 4, 6,7 


HtsiI 


V in = 0.5~V cc -0.5V 


- 


- 


1.0 


MA 


Output "High" Voltage 


All Outputs 


VqH 


Ioh = -200/iA 


2.4 


- 


- 


V 


I oh = -10juA 


Vcc-0.7 


- 


- 


V 


Output "Low" Voltage 


All Outputs 


Vol 


Iol= 1.6mA 


- 


- 


0.4 


V 


Darlington Drive 
Current 


Ports 2, 6 


-'oh 


Vout = 1.5V 


1.0 


- 


10.0 


mA 


Input Capacitance 


All Inputs 


C in 


V in = 0V,f = 1MHz, 
Ta = 25°C 


- 


- 


12.5 


PF 


Standby Current 


Non Operation 


'STB 




- 


3.0 


15.0 


MA 




'SLP 


Sleeping (f=1 MHz**) 


- 


1.5 


3.0 


mA 




Sleeping (f = 1.5MHz**) 


- 


2.3 


4.5 


mA 


Current Dissipation* 


Sleeping (f = 2MHz**) 


- 


3.0 


6.0 


mA 


Ice 


Operating (f=1 MHz**) 


- 


7.0 


10.0 


mA 




Operating (f = 1.5MHz**) 


- 


10.5 


15.0 


mA 




Operating (f = 2MHz**) 


- 


14.0 


20.0 


mA 


RAM Standby Voltage 


Vram 




2.0 


- 




V 



* V| H min » V CC -1.0V, V )L max = 0.8V (All output terminals are at no load.) 

'Current Dissipation of the operating or sleeping condition is proportional to the operating frequency. So the typ. or max. 
values about Current Dissipations at x MHz operation are decided according to the following formula; 

typ. value (f - x MHz) - typ. value (f « 1 MHz) x x 

max. value <f - x MHz) = max. value (f - 1MHz) x x 

(both the sleeping and operating) 

/ 
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• AC CHARACTERISTICS (V C c = 5.0V±10%,V SS = 0V, Ta = 0~+70°C, unless otherwise noted.) 
BUS TIMING 







Symbol 


Test 
Condition 


HD6301X0 


HD63A01X0 


HD63B01X0 


Unit 




min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


Cycle Time 


t C yc 


Fig. 1 


1 


- 


10 


0.666 


- 


10 


0.5 


- 


10 


MS 


Enable Rise Time 


t E r 


- 


- 


25 


■ - 


- 


25 


- 


- 


25 


ns 


Enable Fall Time 


t E f 


- 


- 


25 


- 


- 


25 


- 


- 


25 


ns 


Enable Pulse Width "High" Level* 


PW EH 


450 


- 


- 


300 


- 


- 


220 


- 


- 


ns 


Enable Pulse Width "Low" Level* 


pw el 


450 


- 


- 


300 


- 


- 


220 


- 


- 


ns 


Address, R/W Delay Time* 


*AD 


- 


- 


250 


- 


- 


190 


- 


- 


160 


ns 


Data Delay Time 


Write 


toDW 


- 


- 


200 


- 


- 


160 


- 


- 


120 


ns 


Data Set-up Time 


Read 


*DSR 


80 


- 


- 


70 


- 


- 


70 


- 


- 


ns 


Address, R/W Hold Time* 


tAH 


80 


- 


- 


50 


- 


- 


35 


- 


- 


ns 


Data Hold Time 


Write* 


tHW 


80 


- 


- 


50 


- 


- 


40 


- 


- 


ns 


Read 


tHR 





- 


- 





- 


- 





- 


— 


ns 


RD, WR Pulse Width* 


pw rw 


450 


- 


- 


300 


- 


- 


220 


- 


- 


ns 


RD, WR Delay Time 


tRWD 


- 


- 


40 


- 


- 


40 


- 


- 


40 


ns 


RD, WR Hold Time 


*HRW 


- 


- 


30 


- 


- 


30 


- 


- 


25 


ns 


LIR Delay Time 


tpLR 


- 


- 


200 


- 


- 


160 


- 


- 


120 


ns 


LTR Hold Time 


*HLR 


10 


- 


- 


10 


- 


- 


10 


- 


- 


ns 


MR Set-up Time* 


*SMR 


Fig. 2 


400 


- 


- 


280 


- 


- 


230 


- 


- 


ns 


MR Hold Time* 


l HMR 


- 


- 


90 


- 


- 


40 


- 


- 





ns 


E Clock Pulse Width at MR 


PW EM r 


- 


- 


9 


- 


- 


9 


- 


- 


9 


MS 


Processor Control Set-up Time 


tpcs 


Fig. 3, 
10,11 


200 


- 


- 


200 


- 


- 


200 


- 


- 


ns 


Processor' Control Rise Time 


tpCr 


Fig. 2, 3 


- 


- 


100 


- 


- 


100 


- 


- 


100 


ns 


Processor Control Fall Time 


tpcf 


- 


- 


100 


- 


- 


100 


- 


- 


100 


ns 


BA Delay Time 


*BA 


Fig. 3 


- 


- 


250 


- 


- 


190 


- 


- 


160 


ns 


Oscillator Stabilization Time 


*RC 


Fig. 11 


20 


- 


- 


20 


- 


- 


20 


- 


- 


ms 


Reset Pulse Width 


PWrst 




3 


- 


- 


3 


- 


- 


3 


- 


- 


t C y C 



These timings change in approximate proportion to t cyc . The figures in this characteristics represent those when t C y C is 
minimum (= in the highest speed operation). 



PERIPHERAL PORT TIMING 







Symbol 


Test 
Condition 


HD6301X0 


HD63A01X0 


HD63B01XO 


Unit 




min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


Peripheral Data 
Set-up Time 


Ports 2, 3, 5, 6 


tpDSU 


Fig. 5 


200 


- 


- 


200 


- 


- 


200 


- 


- 


ns 


Peripheral Data 
Hold Time 


Ports 2, 3, 5, 6 


tpDH 


Fig. 5 


200 


- 


- 


200 


- 


- 


200 


- 


- 


ns 


Delay Time (Enable 
Negative Transition to 
Peripheral Data Valid) 


Ports 1,2, 
3, 4, 6, 7 


tpwo 


Fig. 6 


- 


- 


300 


- 


- 


300 


- 


- 


300 


ns 
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TIMER, SCI TIMING 







Symbol 


Test 
Condition 


HD6301X0 


HD63A01X0 


HD63B01X0 


Unit 




min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


Timer 1 Input Pulse Width 


tpwT 


Fig. 8 


2.0 


- 


- 


2.0 




- 


2.0 


- 


- 


tcyc 


Delay Time (Enable Positive 
Transition to Timer Output) 


t-roD 


Fig. 7 


- 


- 


400 


- 


- 


400 


- 


- 


400 


ns 


SCI Input 


Async. Mode 


*Scyc 


Fig. 8 


1.0 


- 


- 


1.0 


- 


- 


1.0 


- 


- 


tcyc 


Clock Cycle 


Clock Sync. 


Fig. 4, 8 


2.0 


- 


- 


2.0 


- 


- 


2.0 


- 


- 


tcyc 


SCI Transmit Data Delay 
Time (Clock Sync. Mode) 


*TXD 


Fig. 4 


- 


- 


200 


- 


- 


200 


- 


- 


200 


ns 


SCI Receive Data Set-up 
Time (Clock Sync. Mode) 


*SRX 


290 


- 


- 


290 


- 


- 


290 


- 


- 


ns 


SCI Receive Data Hold Time 
(Clock Sync. Mode) 


*HRX 


100 


- 


- 


100 


- 


- 


100 


- 


. - 


ns 


SCI Input Clock Pulse Width 


tpWSCK 


Fig. 8 


0.4 


- 


0.6 


0.4 


- 


0.6 


0.4 


- 


0.6 


*Scyc 


Timer 2 Input Clock Cycle 


*tcyc 


2.0 


- 


- 


2.0 


- 


- 


2.0 


- 


- 


t c y c 


Timer 2 Input Clock Pulse 
Width 


tpWTCK 


200 


- 


- 


200 


- 


- 


200 


- 


- 


ns 


Timer 1*2, SCI Input Clock 
Rise Time 


tcKr 


- 


- 


100 


- 


- 


100 


- 


- 


100 


ns 


Timer 1*2, SCI Input Clock 
Fall Time 


l CKf 


- 


- 


100 


- 


- 


100 


- 


- 


100 


ns 
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RD.WR 



MCU Write 
Do~D 7 



MCU Read 
Do~D 7 



LIR 
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-PWrw- 



0.8V 



< 



2.4V 
0.8V 



< 



-tDSR- 



2.0V 
0.8V 



-tDLR- 



•2.4V 



> 



0.8V 



tHLR 



Figure 1 Mode 1, Mode 2 Bus Timing 



MR 



y r_ V/ ro 



-PWemr- 



\o.8v 



2.0V 3 r -S- 

\o.8V -l 

— — — tpcf "TT" 



-tpcr 



Figure 2 Memory Ready and E Clock Timing 



HITACHI 



289 



HD6301 X0,HD63A01 X0,HD63B01 XO 



Last Instruction 
Execution Cycle 



HALT Cycle 



Instruction Execution 
Cycle 



\_C\_i 



HALT 



BA 



tpcs 



ra \^i_ru^j 



0.8V-/ 



r 



J r 0.8V 



Figure 3 HALT and BA Timing 



Synchronous Clock 



Transmit Data 



Receive Data 



^^^Ar^TA^ 



/te A. 



\ / * 08V * \ 



~tsRX-» 



X 



' 2.0V is high level when clock input. 
2.4V is high level when clock output. 



Figure 4 SCI Clocked Synchronous Timing 



tPDSU 
P20-P27 ="7^ 

P60~P6 7 2J^ 

(Inputs) 

P30-P37 

(Inputs) 



MCU Read 



2.4V J C >-2> 

0.8V/ \0. 

M 



Data Valid 



.4V 
.8V 



8V 



tPDSU r— 

0.8V 



X 



Data Valid 



tpDH 



r 



MCU Write 



0.8V\ J 



tpWD 



Pl0~Pl7, P20-P27- 
P30-P37, P40-P47 
P60-P67, P70~P?4- 

(Outputs) 



XoJ> ata Valid 



Figure 5 Port Data Set-up and Hold Times (MCU Read) 



Figure 6 Port Data Delay Times (MCU Write) 
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P21. P2S 
Outputs 



u^ / 



DC 



$00 



tTOD 



Output 



>3 



(a) Timer 1 Output Timing 



(b) Timer 2 Output Timing 



Figure 7 Timer Output Timing 




' Timer 2; ttcyc ** Timer 1;tpwT 

SCI ; tscyc Timer 2; tpwTCK 

SCI .tPWSCK 



Vcc 



Test Point O- 



C4=?R 



R L =2.2kQ 

1S2074® 
or Equiv. 



7J7- itr 
C = 90pF for Port 1, Port 3, Port 4, E 

=30pF for Port 2, Port 6. Port 7 
R= 1 2kQ for Port 1 -Port 4, Port 6, Port 7, E 



Figure 8 Timer 1*2, SCI Input Clock Timing 



Figure 9 Bus Timing Test Loads (TTL Load) 



Interrupt 



j~Lj^njnjnjrijnjnxuiJijnjn_nj~LrL 



Internal 


X 




X 


yyyyyyyyxy 


X 


nmi. iH3i. ■ 
iRSL IRQs 


0.8VV 


Op Code Op Code FFFF 
Address Address +1 




SP SP-1 SP-2 SP-3 SP-4 SP-5 SP-6 jjjj^ ' VecWr New 

Address Address Address 




^A 


~— tpcs 


Internal 


X 




X 




X 



Op Operand Irrelevant PCO- PC8- 1X0- 1X8- ACCA ACCB CCR Vector Vector First Inst, of 
Code Op Code Data PC7 pC15 ,x7 IX15 "'"" """ """ 



MSB LSB Interrupt Routine 



Figure 10 Interrupt Sequence 
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5.5V 

ly— ■ II 

— ^A.SV 

__/ — — '«c — 



r-ti — 

— 7T Vcc-0-5 



._}= 



'PCS -4 

^1 



ti—A im_ 



-n A \ (> _ 




PC8- PCO- First 

PCis PC7 Instruction 



Figure 11 Reset Timing 



■ FUNCTIONAL PIN DESCRIPTION 

• Vcc.Vss 

V C c and Vss provide power to the MCU with 5V±10% sup- 
ply. In the case of low speed operation (fmax = 500kHz), the 
MCU can operate with three through six volts. Two Vss P^s 
should be tied to ground. 

• XTAL, EXTAL 

These two pins interface with an AT-cut parallel resonant 
crystal. Divide-by-four circuit is on chip, so if 4MHz crystal 
oscillator is used, the system clock is 1MHz for example. 

EXTAL pin is drivable with the external clock of 45 to 
50% duty, and one fourth frequency of the external clock 
is produced in the LSI. The external clock frequency should 

AT Cut Parallel Resonant Crystal Oscillator 
Co = 7pF max 
Rs = 60Q max 



XTAL 



EXTAL 



en 



1 



1 



Cli=Cl2 

= 10pF~22pF + 20% 
(3.2~8MHz) 



X Cl T 



Cli 



(a) Crystal Interface 



XTAL 
EXTAL 



N.C. 
^External Clock 



(b) External Clock 
Figure 12 Connection Circuit 



be less than four times of the maximum operable frequency. 
When using the external clock, XTAL pin should be open. 
Fig. 12 shows examples of connection circuit. The crystal 
and C L i , C L 2 should be mounted as close as possible to XTAL 
and EXTAL pins. Any line must not cross the line between the 
crystal oscillator and XTAL, EXTAL. 



• STBY 

This pin makes the MCU standby mode. In "Low" level, the 
oscillation stops and the internal clock is stabilized to make 
reset condition. To retain the contents of RAM at standby, 
"0" should be written into RAM enable bit (RAME). RAME 
is the bit 6 of the RAM/port 5 control register at $0014. RAM 
is disabled by this operation and its contents is sustained. 

Refer to "LOW POWER DISSIPATION MODE" for the 
standby mode. 

• Reset (RES) 

This pin is used to reset the MCU from power OFF state 
and to provide a startup procedure. During power-on, RES 
pin must be held "Low" level for at least 20ms. 

The CPU registers (accumulator, index register, stack pointer, 
condition code register except for interrupt mask bit), RAM 
and the data register of a port are not initialized during reset, 
so their contents are unknown in this proc edure . 

To reset the MCU during operation, RES should be held 
"Low" for at least 3 system-clock cycles. At the 3rd cycle 
durin g "Low" level, all the address buses become "High". When 
RES remains "Low", the address buses keep "High". If RES 
becomes "High", the MCU starts the next operation. 

(1) Latch the value of the mode program pins;MP and MPi . 

(2) Initialize each internal register (Refer to Table 5). 

(3) Set the interrupt m ask b it . For the CPU to recognize the 
maskable interrupts IRQi , IRQ 2 and IRQ 3 , this bit should 
be cleared in advance. 

(4) Put the contents (= start address) of the last two addresses 
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($FFFE, $FFFF) into the program counter and start the 
program from this address. (Refer to Table 1). 

• The MCU is unable to accept a reset input until the clock 
becomes normal oscillation after power on (max. 20ms). During 
this transient time, the MCU and I/O pins are undefined. Please 
be aware of this for system designing. 

• Enable (E) 

This pin provides a TTL-compatible system clock to external 
circuits. Its frequency is one fourth that of the crystal oscillator 
or external clock. This pin can drive one TTL load and 90pF 
capacitance. 

• Non-Maskable Interrupt (NMI) 

When the falling edge of the input signal is detected at this 
pin, the CPU begins non-maskable interrupt sequence internally. 
As well as the IRQ mentioned below, the instruction being 
executed at NMI signal detection will proceed to its completion. 
The interrupt mask bit of the condition code register doesn't 
affect non-maskable interrupt at all. 

When starting the acknowledge to the NMI, the contents of 
the program counter, index register, accumulators and condition 
code register will be saved onto the stack. Upon completion 
of this sequence, a vector is fetched from $FFFC and $FFFD 
to transfer their contents into the program counter and branch 
to the non-maskable interrupt service routine. After reset start, 



the stack pointer should be initialized on an appropreate mem- 
ory area and then the falling edge be input to NMI pin. 

• Interrupt Request (IRQ, , IRQ 2 ) 

These are level-sensitive pins which request an internal 
interrupt sequence to the CPU. At interrupt request, the CPU 
will complete the current instruction before its request acknowl- 
edgement. Unless the interrupt mask in the condition code 
register is set, the CPU starts an interrupt sequence; if set, the 
interrupt request will be ignored. When the sequence starts, the 
contents of the program counter, index register, accumulators 
and condition code register will be saved onto the stack, then 
the CPU sets the interrupt mask bit and will not acknowledge 
the maskable request. During the last cycle, the CPU fetches 
vectors depicted in Table 1 and transfers their contents to the 
program counter and branches to the service routine. 

The CPU uses the external interrupt pins, IRQ, and IRQ 2 
also as port pins P so and P S1 , so it provides an enable bit to 
Bit and 1 of the RAM port 5 control register at $0014. Refer 
to "RAM/PORT 5 CONTROL REGISTER" for the details. 

When one of the internal interrupts, ICI, OCI, TOI, CMI or 
SIO is generated, the CPU produces in ternal interrupt signal 
(IRQ 3 ). IRQ 3 functions just the same as IRQ, or IRQ 2 except 
for its vector address. Fig. 13 shows the block diagram of the 
interrupt circuit. 



Table 1 Interrupt Vector Memory Map 







Vector 


Interrupt 




MSB 


LSB 


Highest 


FFFE 


FFFF 


RES 


, 


1 
1 


FFEE 


FFEF 


TRAP 




FFFC 


FFFD 


NMl 




FFFA 


FFFB 


SWI (Software Interrupt) 




FFF8 


FFF9 


IRQ", 




FFF6 


FFF7 


ICI (Timer 1 Input Capture) 




FFF4 


FFF5 


OCI (Timer 1 Output Compare 1,2) 




FFF2 


FFF3 


TOI (Timer 1 Overflow) 




FFEC 


FFED 


CMI (Timer 2 Counter Match) 


' 


FFEA 


FFEB 


IRQ 2 


Lov 


vest 


FFFO 


FFF1 


SIO (RDRF+ORFE+TDRE) 
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Each Register's Interrupt 

Enable Flag 

"1 "; Enable, "0"; Disable 



IRQ3 




Sleep 
Cancel 



SWI 



Figure 13 Interrupt Circuit Block Diagram 



• Mode Program (MP , MPi) 
These two pins decide the operation mode. Refer to "MODE 

SELECTION" for mode details. 

The following signal descnptions are applicable only for the 
expanded mode. 

• Read/Write (R/W; P72) 
This signal, usually be in read state ("High"), shows whether 

the MCU is in read ("High") or write ("Low") state to the 
peripheral or memory devices. This can drive one TTL load 
and 30pF capacitance. 

• RD.WR(P,o,p7i) 
These signals show active low outputs when the CPU is 

reading/writing to the peripherals or memories. This enables 
the CPU easy to access the peripheral LSI with RD a nd WR 
input pins. These pins can drive one TTL load and 30pF capaci- 
tance. 

• Load Instruction Register (LIR; P73) 
This ' signal shows the instruction opecode being on data 

bus (active low). This pin can drive one TTL load and 30pF 
capacitance. 

• Memory Ready (MR; P s2 ) 
This is the input control signal which stretches the system 

clock's "High" period to access low-speed memories. During 
this signal being in "High", the system clock operates in normal 
sequence. But this signal in "Low", the "High" period of the 
system clock will be stretched depending on its "Low" level 
duration in integral multiples of the cycle time. This allows the 
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CPU to interface with low-speed memories (See Fig. 2). Up to 
9fis can be stretched. 

During internal address space access or nonvalid memory 
access, MR is prohibited internally to prevent decrease of oper- 
ation speed. Even in the halt state, MR can also stretch "High" 
period of system clock to allow peripheral devices to access 
low-speed memories. As this signal is used also as P s2 , an enable 
bit is provided at bit 2 of the RAM/port 5 control register at 
$0014. Refer to "RAM/PORT 5 CONTROL REGISTER" for 
more details. 



• Halt (HALT; P«) 
This is an input control signal to stop instruction execution 

and to release buses free. When this signal switches to "Low", 
the CPU stops to enter into the halt state after having executed 
the present instruction. When entering into the halt state, it 
makes BA (P-*) "High" and also an address bus, data bus, RT5, 
WR, R/W in high impedance. When an interrupt is generated 
in the halt state, the CPU uses the interrupt handler after the 
halt is cancelled. When halted during the sleep state, the CPU 
keeps the sleep state, while BA is "High" and releases the buses. 
Then t he CPU returns to the previous sleep state when the 
HALT signal becomes "High". The same thing can be said when 
the CPU is in the interrupt wait state after having executed the 
WAI instruction. 

• Bus Available (BA; P74) 
This is an output control sig nal whic h is normally "Low" 

but "High" when the CPU accepts HALT and releases the buses. 
The HD6800 and HD6802 make BA "High" and release the 
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buses at WAI execution, while the HD6301X doesn 't make 
BA "High" under the same condition. But if the HALT becomes 
"Low" when the CPU is in the interrupt wait state after having 
executed the WAI, th e CPU makes BA "High" and releases the 
buses. And when the HALT becomes "High", the CPU returns 
to the interrupt wait state. 

■ PORT 

The HD6301X0 provides seven I/O ports (six 8-bit ports and 
a 5-bit port). Table 2 gives the address of ports and the data 
direction register and Fig. 14 the block diagrams of each port. 



Table 2 Port and Data Direction Register Address 



Port 


Port Address 


Data Direction Register 


Port 1 


$0002 


- 


Port 2 


$0003 


$0001 


Port 3 


$0006 


$0004 


Port 4 


$0007 


- 


Port 5 


$0015 


- 


Port 6 


$0017 


$0016 


Port 7 


$0018 


- 



to port 1 . When a write operation is made to port 1 , the high 
impedance state shifts to the output state and tLc written data 
will be output. Once port 1 gets in the output state, it operates 
as an output till reset occurs. CPU can also read the value of the 
Port 1 data register, thus enables the CPU to use bit manipula- 
tion. 

In mode 1 and 2, port 1 acts as "Low" address buses. This 
port can drive one TTL load and 90pF capacitance. 
• Port 2 

An 8-bit input/output port. The data direction register 
(DDR) of port 2 is responsible for I/O state. It provides two 
bits; bit decides the I/O direction of P 20 and bit 1 the I/O 
direction of P 2J to P 27 ("0" for input, "1" for output). 

Port 2 is also used as an I/O pin for the timers and the 
SCI. When used as an I/O pin for the timers and the SCI, port 
2 except P M automatically becomes an input or an output 
depending on their functions regardless of the data direction 
register's value. 

Port 2 Data Direction Register 



$0001 



7 


6 


5 


4 


3 


2 


1 





- 












DDR 

1-7 


DDR 




• Port 1 

An 8-bit port for output only. In mode 3, port 1 goes to high 
impedance during reset and keeps the state even after accepting 
reset cancellation. It continues till a write operation is made 



Port Write Signal 

j_ Mode 3 



Data Bus • 



Address Bus, 
Control Signal 



C 
D Q 



Port Read 
Signal 



Mode 1.2 



^H 



Tri-state 
Control 



A reset clears the DDR of port 2 and configures port 2 as an 
input port. This port can drive one TTL and 30pF. In addition, 
it can produce 1mA current when Vout = 1.5V to drive directly 
the base of Darlington transistors. 

Port Write Signal 

J Port Output Enable 

Data Bus 



Timer 1, 2, 
SCI Output 



Timer 1 , 2,_^ 
SCI Input 



Port 1 , Port 4, Port 7 




Port 2 



Port Write Signal 

J Mode 3 



Data Bus 



C 
D Q 



Port 3, 
Internal External Ad- 

Address Read dress Read 

L[^A_ r A_<^J 



CPU Internal Bus—- 



~1 

Tri-state 

Control 



Port 3 
Port Read Signal 



^<r 



Port 5 



Port Write Signal 
J 



Timer 1 lnput_^ 
(Pjo only) 




Port 6, Port 2 (Bit 0) 



Figure 14 Port Block Diagram 
# HITACHI 
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7 


6 


5 


4 


3 


2 


1 



















Port 3 
DDR 



• Port 3 

An 8-bit I/O port. The DDR of port 3 is responsible for 
I/O state. It provides only one bit which decides I/O state by 
the byte ("0" for input and "1" for output). It is cleared during 
reset. 

Port 3 Data Direction Register 



$0004 



• Port 4 

An 8-bit port for output only like Port 1. In mode 1 and 2, 
"High" address will be produced. 

• Port 5 

An 8-bit port for input only. The lo wer fou r bits are also 
usable as input pins for interrupt, MR and HALT. 

• Port 6 

An 8-bit I/O port. This port provides an 8-bit DDR corre- 
sponding to each bit and can specify input or output by the 
bit ("0" for input, "1" for output). This port can drive one 
TTL load and 30pF. A reset clears the DDR of port 6. In 
addition, it can produce 1mA current when Vout = 1.5V to 
drive directly the base of Darlington transistors. 

• Port 7 

A 5-bit port for output only. In mode 3, port 7 goes to high 
impedance during reset and keeps the state even after accepting 
reset cancellation. It continues till a write operation is made to 
port 7. When a write operation is made to port 7, the high 
impedance state shifts to the output state and the written data 
will be output. Once port 7 gets in the output state, it operates 
as an output till reset occurs. Port 7 can also read the value of 
the data register, thus enables the CPU to use the bit manipula- 
tion instruction. In this case b i ~ bs are "1". 

In mode 1 an d 2, port 7 acts as outputs for control signals 
(RD, WR, R/W, LIR and BA). This port can drive one TTL 
load and 30pF. 

■ RAM/PORT 5 CONTROL REGISTER 

The control register located at $0014 controls on-chip 
RAM and port 5. 

RAM/Port 5 Control Register 



$0014 



Bit 0, Bit 1 IRQ,,IRQ 2 Enable Bit (IRQ, E, I RQ 2 E) 

When using P so and P S i as interrupt pins, write "1" in 
these bits. When "0", the CPU doesn't accept an external 
interrupt or a sleep cancellation by the external interrupt. 
These bits become "0" during reset. 



7 


6 


5 


4 


3 


2 


1 





STBY 
PWR 


RAME 


- 


- 


HLTE 


MRE 


IRQ 2 
E 


IRQi 
E 



regardless of the value of this bit. This bit becomes "1" during 

reset. 

Bit 3 Halt Enable bit (HLTE) 

When using P S3 as an input for Halt signal, write "1" in this 
bit. When "0", the halt function is prohibited. In mode 3, the 
halt function is prohibited regardless of the value of this bit. 
This bit becomes "1" during reset. 

Bit 4, Bit 5 Not Used. 

Bit 6 RAM Enable (RAME) 

On-chip RAM can be disabled by this control bit. The 
MCU Reset sets "1" at this bit and enables on-chip RAM 
available. This bit can be written "1" or "0" by software. 
When RAM is in disable condition (= logic "0"), on-chip RAM 
is invalid and the CPU can read data from external memory. 
This bit should be "0" at the beginning of standby mode to 
protect on-chip RAM data. 

Bit 7 Standby Power Bit (STBY PWR) 

When Vcc is not provided in standby mode, this bit is 
cleared. This is a flag for both read/write by software. If this bit 
is set before standby mode, and remains set even after returning 
from standby mode, V cc voltage is provided during standby 
mode and the on-chip RAM data is valid. 

■ MODE SELECTION 

Mode program pins, MP and MP] determine the operation 
mode of the HD6301X0 as Table 3 gives. 

• Mode 1 (Expanded Mode) 

In this mode, port 3 is data bus and port 1 "Low" address 
bus and port 4 "High" address bus to realize a direct interface 
with the HMCS6800 buses. A control signal such as R/W is 
produced at port 7. In mode 1, on-chip ROM is disabled and 
65k bytes of address space are externally expandable (refer 
to Fig. 15). 

• Mode 2 (Expanded Mode) 

This mode is also expandable as well as mode 1 . But in this 
mode, on-chip ROM is enabled and the expandable address 
space is 61k bytes (refer to Fig. 16). 

• Mode 3 (Single-chip Mode) 

In this mode, all ports are available (refer to Fig. 17). 

Table 3 Mode Selection 



Mode 


MP, 


MP 


ROM 


RAM 


Interrupt 
Vector 


Operation Mode 


1 






E 


r 


E 


Expanded Mode 


2 






1 


1* 


1 


Expanded Mode 


3 


"H" 


"H" 


1 


1 


1 


Single-chip Mode 



'L" = Logic "0", "H" = Logic "1 ", I; Internal, E; External. 
•The addressing RAM area can be external by clearing RAME bit at 
$0014. 



Bit 2 Memory Ready Enable Bit (MRE) 

When using P 52 as an input for Memory Ready signal, write 
"1" in this bit. When "0", the memory ready function is pro- 
hibited. In mode 3, the memory ready function is prohibited 
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Figure 15 Mode 1 



Figure 16 Mode 2 
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Figure 17 Mode 3 



Mode and Port 

Table 4 shows MCU signals in each mode. 



Table 4 MCU Signals in Each Mode 



^"^"^^_ Mode 
Port ^"-^^ 


Mode 1 


Mode 2 


Mode 3 


Portl 


Address Bus (A ~A 7 ) 


Address Bus ( A ~ A 7 ) 


Output Port 


Port 2 


I/O Port 


I/O Port 


I/O Port 


Port 3 


Data Bus (Do ~D 7 ) 


Data Bus (Do ~D 7 ) 


I/O Port 


Port 4 


Address Bus (A 8 ~Ai S ) 


Address Bus (A 8 ~A 1S ) 


Output Port 


Port 5 


Input Port 


Input Port 


Input Port 


Port 6 


I/O Port 


I/O Port 


I/O Port 


Port 7 


RD.WR, R/W, LIR.BA 


RD.WR, R/W, OR, BA 


Output Port 
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■ MEMORY MAP 

The MCU can address up to 65k bytes depending on its 
operation mode. Fig. 18 gives memory maps in each operation 



mode. 32 internal registers use addresses from "00" as shown in 
Table 5. 



Table 5 Internal Register 



Address 


Registers 


R/W*** 


Initialize at RESET 


00 


- 


- 


- 


01 


Port 2 Data Direction Register 


W 


$FC 


02* 


Port 1 


R/W 


Undefined 


03 


Port 2 


R/W 


Undefined 


04* 


Port 3 Data Direction Register 


W 


$FE 


05 


- 


- 


- 


06* 


Port 3 


R/W 


Undefined 


07* 


Port 4 


R/W 


Undefined 


08 


Timer Control/Status Register 1 


R/W 


$00 


09 


Free Running Counter ("High") 


R/W 


$00 


0A 


Free Running Counter ("Low") 


R/W 


$00 


OB 


Output Compare Register 1 ("High") 


R/W 


$FF 


OC 


Output Compare Register 1 ("Low") 


R/W 


$FF 


OD 


Input Capture Register ("High") 


R 


$00 


OE 


Input Capture Register ("Low") 


R 


$00 


OF 


Timer Control/Status Register 2 


R/W 


$10 


10 


Rate, Mode Control Register 


R/W 


$00 


11 


Tx/Rx Control Status Register 


R/W 


$20 


12 


Receive Data Register 


R 


$00 


13 


Transmit Data Register 


W 


$00 


14 


RAM/Port 5 Control Register 


R/W 


$7C or $FC 


15 


Port 5 


R 


- 


16 


Port 6 Data Direction Register 


W 


$00 


17 


Port 6 


R/W 


Undefined 


18* 


Port 7 


R/W 


Undefined 


19 


Output Compare Register 2 ("High") 


R/W 


$FF 


1A 


Output Compare Register 2 ("Low") 


R/W 


$FF 


1B 


Timer Control/Status Register 3 


R/W 


$20 


1C 


Time Constant Register 


W 


$FF 


1D 


Timer 2 Up Counter 


R/W 


$00 


1E 


- 


- 


- 


1F** 


Test Register 


- 


- 



' External Address in Mode 1, 2. 

' Test Register. Do not access to this register. 

' R : Read Only Register 

W : Write Only Register 

R/W : Read/Write Register 
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HD6301X0 
Expanded Mode 




$FFFF 




External 
Memory 
Space 



* Excludes the following addresses 
which may be used externally: 
$02, $04, $06, $07, $18. 



HD6301X0 
Expanded Mode 



$0000 
$00 1F 



Mode 2 




$00FF 



$F000 



$FFFF 




Internal* 
Register 

External 

/ Memory 

Space 

, Internal 

RAM 



External 
Memory 
Space 



Internal 
ROM 



* Excludes the following addresses 
which may be used externally: 
$02, $04, $06, $07, $18. 



HD6301XO 
Single-chip Mode 



Mode 3 




Internal 
RAM 



$00FF 



$F000 



$FFFF 




Internal 
ROM 



Figure 18 HD6301X0 Memory Map 



■ TIMER 1 

The HD6301X0 provides a 16-bit programmable timer which 
can measure an input waveform and generate two independent 
output waveforms. The pulse widths of both input/output 
waveforms vary from microseconds to seconds. 

Timer 1 is configurated as follows (refer to Fig. 20). 

• Control/Status Register 1 (8 bit) 

• Control/Status Register 2 (7 bit) 

• Free Running Counter ( 1 6 bit) 

• Output Compare Register 1 (16 bit) 

• Output Compare Register 2(16 bit) 

• Input Capture Register (16 bit) 

• Free-Running Counter (FRC) ($0009 : 000A) 

The key timer element is a 16-bit free-running counter driven 
and incremented by system clock. The counter value is readable 
by software without affecting the counter. The counter is 
cleared by reset. 

When writing to the MSB byte ($09), the CPU writes the 
preset value ($FFF8) into the counter (address $09, $0A) 
regardless of the write data value. But when writing to the 
LSB byte ($0A) after MSB byte writing, the CPU write not 
only LSB byte data into lower 8 bit, but also MSB byte data 
into higher 8 bit of the FRC. 

The counter will be as follows when the CPU writes to it 
by double store instructions (STD, STX etc.). 



$09 Write 



$0A Write 



($5A) 



($F3) 



L 



Counter value 1 $FFF8 j $5AF3 

In the case of the CPU write ($5AF3) to the FRC 
Figure 19 Counter Write Timing 



• Output Compare Register (OCR) 

($000B, $000C; OCR1 ) ($0019, $001 A ; OCR2) 

The output compare register is a 16-bit read/write register 
which can control an output waveform. It is always compared 
with the FRC. 

When data matches, output compare flag (OCF) in the timer 
control/status register (TCSR) is set. If an output enable bit 
(OE) in the TCSR2 is "1", an output level bit (OLVL) in the 
TCSR will be output to bit 1 (Tout 1) and bit 5 (Tout 2) of 
port 2. To control the output level again by the next compare, a 
change is necessary for the OCR and OLVL. The OCR is set to 
$FFFF at reset. The compare function is inhibited for a cycle 
just after a write to the OCR or to the upper byte of the 
FRC. This is to set the 16-bit value valid in the register for 
compare. In addition, it is because $FFF8 is set at the next 
cycle of the CPU's MSB byte write to the FRC. 

* For data write to the FRC or the OCR, 2-byte transfer 
instruction (such as STX etc.) should be used. 

• Input Capture Register (ICR) ($000D : 000E) 

The input capture register is a 1 6-bit read only register which 
stores the FRC's value when external input signal transition 
generates an input capture pulse. Such transition is defined by 
input edge bit (IEDG) in the TCSR1 . 

In order to input the external input signal to the edge 
detecter, a bit of the DDR corresponding to bit of port 2 
should be cleared ("0"). When an input capture pulse occures 
by input transition at the next cycle of CPU's high-byte read of 
the ICR, the input capture pulse will be delayed by one cycle. 
In order to ensure the input capture operation, a CPU read of 
the ICR needs 2-byte transfer instruction. The input pulse width 
should be at least 2 system cycles. This register is cleared 
($0000) during reset. 



HITACHI 



299 



HD6301 X0,HD63A01 X0,HD63B01 XO 



• Timer Control/Status Register 1 (TCSR1) ($0008) 

The tinier control/status register 1 is an 8-bit register. All bits 
are readable and the lower 5 bits are also writable. The upper 3 
bits are read only which indicate the following timer status. 
Bit 5 The counter value reached to $0000 as a result of 

counting-up (TOF). 
Bit 6 A match has occured between the FCR and the OCR 1 

(OCF1). 
Bit 7 Defined transition of the timer input signal causes the 
counter to transfer its data to the ICR (ICF). 
The followings are each bit descriptions. 

Timer Control/Status Register 1 

7 6 5 4 3 2 10 



ICF OCF1 TOF EICI EOCI1 ETOI IEDG OLVL1 $0008 



• Timer Control/Status Register 2 (TCSR2) ($0O0F) 

The timer control/status register 2 is a 7-bit register. AH bits 
are readable and the lower 4 bits are also writable. But the 
upper 3 bits are read-only which indicate the following timer 
status. 
Bit 5 A match has occured between the FRC and the OCR2 

(OCF2). 
Bit 6 The same status flag as the OCF1 flag of the TCSR1, 

bit 6. 
Bit 7 The same status flag as the ICF flag of the TCSR1 , bit 7 . 

The followings are each bit descriptions. 

Timer Control/Status Register 2 

7 6 5 4 3 2 10 



- EOCI2 01VL2 



$000F 



Bit OLVL1 Output Level 1 

OLVL1 is transferred to port 2, bit 1 when a match 
occurs between the counter and the OCR1. If OE1, 
namely, bit of the TCSR2, is set to "1", OLVL1 will 
appear at bit 1 of port 2. 
Bit 1 IEDG Input Edge 

This bit determines which rising edge or falling of 
input signal of port ,2, bit will trigger data transfer 
from the counter to the ICR. For this function, the 
DDR corresponding to port 2, bit should be cleared 
beforehand. 
IEDG=0, triggered on a falling edge 

("High" to "Low") 
IEDG=1 , triggered on a rising edge 
("Low" to "High") 
Bit 2 ETOI Enable Timer Overflow Interrupt 

When this bit is set, an internal interrupt (IRQ3) by 
TOI interrupt is enabled. When cleared, the interrupt is 
inhibited. 
Bit 3 EOC1 1 Enable Output Compare Interrupt 1 

When this bit is set, an internal interrupt (IRQ3) by 
OCI1 interrupt is enabled. When cleared, the interrupt 
is inhibited. 
Bit 4 EICI Enable Input Capture Interrupt 

When this bit is set, an internal interrupt (IRQ3) by 
ICI interrupt is enabled. When cleared, the interrupt is 
inhibited. 
Bit 5 TOF Timer Overflow Flag 

This read only bit is set when the counter incre- 
ments from $FFFF by 1. Cleared when the counter's 
MSB byte ($0009) is read by the CPU following the 
TCSR1 read. 
Bit 6 OCF1 Output Compare Flag 1 

This read only bit is set when a match occurs be- 
tween the OCR1 and the FRC. Cleared by writing to 
the OCR1 ($000B or S000C) following the TCSR1 or 
TCSR2 read. 
Bit 7 ICF Input Capture Flag 

This read only bit is set when an input signal of 
port 2, bit makes a transition as defined by IEDG and 
the FRC is transferred to the ICR. Cleared when reading 
the MSB byte ($0O0D) of the ICR following the TCSR1 
or TCSR2 read. 



BitO OE1 Output Enable 1 

This bit enables the OLVL1 to appear at port 2, bit 
1 when a match has occurred between the counter and 
the output compare register 1 . When this bit cleared, bit 
1 of port 2 will be I/O port. When set, it will be an 
output of OLVL1 automatically. 
Bit 1 OE2 Output Enable 2 

This bit enables the OLVL2 to appear at port 2, bit 
5 when a match has occurred between the counter and 
the output compare register 2. When this bit cleared, 
port 2, bit 5 will be I/O port. When set, it will be an 
output of OLVL2 automatically. 
Bit 2 OLVL2 Output Level 2 

OLVL2 is transferred to port 2, bit 5 when a match 
has occurred between the counter and the OCR2. If 
OE2, namely bit 5 of the TCSR2, is set to "1", OLVL2 
will appear at port 2, bit 5. 
Bit 3 EOCI2 Enable Output Compare Interrupt 2 

When this bit is set, an internal interrupt (IRQ3) by 
OCI2 interrupt is enabled. When cleared, the interrupt 
is inhibited. 
Bit 4 Not Used 
Bit 5 OCF2 Output Compare Flag 2 

This read-only bit is set when a match has occurred 
between the counter and the OCR2. Cleared when 
writing to the OCR2 ($0019 or $001 A) following the 
TCSR2 read. 
Bit 6 OCF1 Output Compare Flag 1 
Bit 7 ICF Input Capture Flag 

OCF1 and ICF addresses are partially decoded. 
CPU read of the TCSR1/TCSR2 makes it possible to 
read OCF1 and ICF into bit 6 and bit 7. 
Both the TCSR1 and TCSR2 will be cleared during reset. 
(Note) If OE1 or OE2 is set to "1" before the first output 
compare match occurs after reset restart, bit 1 or bit 5 
of port 2 will produce "0" respectively. 
(Note) Because the set condition of ICF precedes, its reset 
condition, ICF is not cleared when the set condition 
and the reset condition occur simultaneously. The 
same phenomenon applies to OCF1, OCF2 or TOF 
respectively. 
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Figure 20 Timer 1 Block Diagram 



■ TIMER 2 

In addition to the timer 1, the HD6301X0 provides an 8-bit 
reloadable timer, which is capable of counting the external 
event. This timer 2 contains a timer output, so the MCU can 
generate three independent waveforms. (Refer to Fig. 21.) 
The timer 2 is configured as follows: 
Control/Status Register 3 (7 bit) 
8-bit Up Counter 
Time Constant Register (8 bit) 

• Timer 2 Up Counter (T2CNT) ($001 D) 

This is an 8-bit up counter which operates with the clock 
decided by CKSO and CKS1 of the TCSR3. The counter is 
always readable without affecting itself. In addition, any value 
can be written to the counter by software even during counting. 

The counter is cleared when a match occurs between the 
counter and the TCONR or during reset. 

If a write operation is made by software to the counter at the 
cycle of counter clear, it does not reset the counter but put the 
write data to the counter. 



• Time Constant Register (TCONR) ($0010 

The time constant register is an 8-bit write only register. It 
is always compared with the counter. 

When a match has occurred, counter match flag (CMF) of 
the timer control status register 3 (TCSR3) is set and the value 
selected by TOSO and TOS1 of the TCSR3 will appear at port 2, 
bit 6. When CMF is set, the counter will be cleared simultane- 
ously and then start counting from $00. This enables regular 
interrupts and waveform outputs without any software support. 
The TCONR is set to "$FF" during reset. 

• Timer Control/Status Register 3 (TCSR3) ($001 B) 

The timer control/status register 3 is a 7-bit register. All bits 
are readable and 6 bits except for CMF can be written. 
The followings are each pin descriptions. 

Timer Control/Status Register 3 
7 6 5 4 3.21 



CMF ECMI 



T2E TOS1 TOSO CKS1 CKSO $00 IB 
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Figure 21 Timer 2 Block Diagram 



BitO CKSO Input Clock Select 

Bit 1 C.KS1 Input Clock Select 1 

Input clock to the counter is selected as shown in 
Table 6 depending on these two bits. When an external 
clock is selected, bit 7 of port 2 will be a clock input 
automatically. Tinier 2 detects the rising edge of the 
external clock and increments the counter. The external 
clock is countable up to half the frequency of the 
system clock. 



Table 7 Timer 2 Output Select 





Table 6 I nput Clock Select 


CKS1 


CKSO 


Input Clock to the Counter 








E clock 





1 


E clock/8* 


1 





E clock/128* 


1 


1 


External clock 



* These clocks come from the FRC of the timer 1 . If one of these clocks 
is selected as an input clock to the up counter, the CPU should not 
write to the FRC of the timer 1. 

Bit 2 TOSO Timer Output Select 

Bit 3 TOS1 Timer Output Select 1 

When a match occurs between the counter and the 
TCONR timer 2 outputs shown in Table 7 will appear at 
port 2, bit 6 depending on these two bits. When both 
TOSO and TOS1 are "0", bit 6 of port 2 will be an I/O 
port. 



TOS1 


TOSO 


Timer Output 








Timer Output Inhibited 





1 


Toggle Output* 


1 





Output "0" 


1 


1 


Output "1" 



* When a match occurs between the counter and the TCONR, timer 2 
output level is reversed. This leads to production of a square wave with 
50% duty to the external without any software support. 

Bit 4 T2E Timer 2 Enable Bit 

When this bit is cleared, a clock input to the up 
counter is prohibited and the up counter stops. When set 
to "1", a clock selected by CKS1 and CKSO (Table 6) is 
input to the up counter. 
(Note) P 26 produces "0" when T2E bit cleared and timer 2 set 
in output enable condition by TOS1 or TOSO. It also 
produces "0" when T2E bit set "1" and timer 2 set in 
output enable condition before the first counter match 
occurs. 
Not Used 
ECMI Enable Counter Match Interrupt 

When this bit is set, an internal interrupt (IRQ3) by 
CMI is enabled. When cleared, the interrupt is inhibited. 
CMF Counter Match Flag 

This read only bit is set when a match occurs between 
the up counter and the TCONR. Cleared by a software 
write (unable to write "1" by software). 
Each bit of the TCSR3 is cleared during reset. 



Bit 5 
Bit 6 



Bit 7 
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■ SERIAL COMMUNICATION INTERFACE (SCI) 

The HD6301X0 SCI contains two operation modes; one is an 
asynchronous mode by the NRZ format and the other is a 
clocked synchronous mode which transfer data synchronizing 
with the serial clock. 

The serial interface is configured as follows: 

• Control/Status Register (TRCSR) 

• Rate/Mode Control Register (RMCR) 

• Receive Data Register (RDR) 

• Receive Data Shift Register (RDSR) 

• Transmit Data Register (TDR) 

• Transmit Data Shift Register (TDSR) 

The serial I/O hardware requires an initialization by software 
for operation. The procedure is usually as follows: 

1) Write a desirable operation mode into each correspond- 
ing control bit of the RMCR. 

2) Write a desirable operation mode into each correspond- 
ing control bit of the TRCSR. 

When using bit 3 and 4 of port 2 for serial I/O only, there is 
no problem even if TE and RE bit are set. But when setting the 
baud rate and operation mode, TE and RE should be "0". When 
clearing TE and RE bit and setting them again, more than 1 bit 
cycle of the current baud rate is necessary. If set in less than 1 
bit cycle, there may be a case that the internal transmit/receive 
initialization fails. 

• Asynchronous Mode 

An asynchronous mode contains the following two data 
formats: 

1 Start Bit + 8 Bit Data + 1 Stop Bit 
1 Start Bit + 9 Bit Data + 1 Stop Bit 

In addition, if the 9th bit is set to "1" when making 9 
bit data format, the format of 

1 Start bit + 8 Bit Data + 2 Stop Bit 
is also transferred. 

Data transmission is enabled by setting TE bit of the TRCSR, 
then port 2, bit 4 will become a serial output independently of 
the corresponding DDR. 

For data transmit, both the RMCR and TRCSR should be 
set under the desirable operating conditions. When TE bit is 
set during this process, 10 bit preamble will be sent in 8-bit data 
format and 11 bit in 9-bit data format. When the preamble is 
produced, the internal synchronization will become stable and 
the transmitter is ready to act. 

The conditions at this stage are as follows. 

1) If the TDR is empty (TDRE=1), consecutive l's are 
produced to indicate the idle state. 

2) If the TDR contains data (TDRE=0), data is sent to the 
transmit data shift register and data transmit starts. 

During data transmit, a start bit of "0" is transmitted first. 
Then 8-bit or 9-bit data (starts from bit 0) and a stop bit of "1 " 



are transmitted. 

When the TDR is "empty", hardware sets TDRE flag bit. If 
the CPU doesn't respond to the flag in proper timing (the TDRE 
is in set condition till the next normal data transfer starts from 
the transmit data), "1" is transferred instead of the start bit "0" 
and continues to be transferred till data is provided to the data 
register. While the TDRE is "1", "0" is not transferred. 

Data receive is possible by setting RE bit. This makes port 2, 
bit 3 be a serial input. The operation mode of data receive is 
decided by the contents of the TRCSR and RMCR. The first 
"0" (space) synchronizes the receive bit flow. Each bit of the 
following data will be strobed in the middle. If a stop bit is not 
"1", a framing error assumed and ORFE is set. 

When a framing error occurs, receive data is transferred to 
the receive data register and the CPU can read error-generating 
data. This makes it possible to detect a line break. 

If the stop bit is "1", data is transferred to the receive data 
register and an interrupt flag RDRF is set. If RDRF is still 
set when receiving the stop bit of the next data, ORFE is set to 
indicate overrun generation. 

When the CPU read the receive data register as a response to 
RDRF flag or ORFE flag after having read TRCS, RDRF or 
ORFE is cleared. 
(Note) Clock Source in Asynchronous Mode 

When using an internal clock for serial I/O, the follow- 
ings should be kept in mind. 

• Set CC1 and CC0 to "1" and "0" respectively. 

• A clock is generated regardless of the value of TE, 
RE. 

• Maximum clock rate is EH 6. 

• Output clock rate is the same as bit rate. 

When using an external clock for serial I/O, the fallow- 
ings should be kept in mind. 

• Set CC1 and CC0 in the RMCR to "1" and "1" re- 
spectively. 

• The external clock frequency should be set 16 times 
of the applied baud rate. 

• Maximum clock frequency is that of the system 
clock. 

• Clocked Synchronous Mode 

In the clocked synchronous mode, data transmit is 
synchronized with the clock pulse. The HD6301X0 SCI 
provides functionally independent transmitter and receiver 
which makes full duplex operation possible in the asynchronous 
mode. But in the clocked synchronous mode an SCI clock I/O 
pin is only P 2 2, so the simultaneous receive and transmit 
operation is not available. In this mode, TE and RE should 
not be in set condition ("1") simultaneously. Fig. 23 gives a 
synchronous clock and a data format in the clocked synchro- 
nous mode. 
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Figure 22 Serial Communication Interface Block Diagram 



Data transmit is realized by setting TE bit in the. TRCSR. 
Port 2, bit 4 becomes an output unconditionally independent 
of the value of the corresponding DDR. 

Both the RMCR and TRCSR should be set in the desirable 
operating condition for data transmit. 

When an external clock input is selected, data transmit is 



performed under the TDRE flag "0" from port 2, bit 4, syn- 
chronizing with 8 clock pulses input from external to port 2, 
bit 2. 

Data is transmitted from bit and the TDRE is set when the 
transmit data shift register is "empty". More than 9th clock 
pulse of external are ignored. 



D Transmit Direction 



Synchronous 
clock 

Data 



Tj~m_rTJ~LrLrLn_r 




V/y/A Not Valid 



Transmit data is produced from a falling edge of a synchronous clock to the next falling edge. 
Receive data is latched at the rising edge. 

Figure 23 Clocked Synchronous Mode Format 



When data transmit is selected to the clock output, the MCU 
produces transmit data and synchronous clock at TDRE flag 
clear. 

Data receive is enabled by setting RE bit. Port 2, bit 3 will 
be a serial input. The operating mode of data receive is decided 
by the TRCSR and the RMCR. 

If the external clock input is selected, RE bit should be set 
when P22 is "High". Then 8 external clock pulses and the 
synchronized receive data are input to port 2, bit 2 and bit 
3 respectively. The MCU put receive data into the receive 
data shift register by this clock and set the RDRF flag at the 
termination of 8 bit data receive. More than 9th clock pulse of 
external input are ignored. When RDRF is cleared by reading 
the receive data register, the MCU starts receiving the next data. 



So RDRF should be cleared with P22 "High". 

When data receive is selected to the clock output, 8 synchro- 
nous clocks are output to the external by setting RE bit. So re- 
ceive data should be input from external, synchronously with 
this clock. When the first byte data is received, the RDRF flag 
is set. After the second byte, receive operation is performed and 
output the synchronous clock to the external by clearing the 
RDRF bit. 

• Transmit/Receive Control Status Register (TRCSR) ($0011) 
The TRCSR is composed of 8 bits which are all readable. Bits 
to 4 are also writable. This register is initialized to $20 during 
reset. Each bit functions as follows. 
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Transmit/Receive Control Status Register 
7 6 5 4 3 2 10 



RDRF ORFE TDRE RIE RE TIE TE WU $001 1 



BitO WU Wake-up 

In a typical multi-processor configuration, the 
software protocol provides the destination address at 
the first byte of the message. In order to make un- 
interested MCU ignore the remaining message, a wake-up 
function is available. By this, uninterested MCU can in- 
hibit all further receive processing till the next message 
starts. 

Then wake-up function is triggered by consecutive 
l's with 1 frame length (10 bits for 8-bit data, 11 for 
9-bit). The software protocol should provide the idle 
time between messages. 

By setting this bit, the MCU stops data receive till the 
next message. The receive of consecutive "1" with one 
frame length wakes up and clears this bit and then the 
MCU restarts receive operation. However, the RE flag 
should be already set before setting this bit. In the 
clocked synchronous mode WU is not available, so this 
bit should not be set. 

Bit 1 TE Transmit Enable 

When this bit is set, transmit data will appear at port 
2, bit 4 after one frame preamble in asynchronous mode, 
while in clocked synchronous mode appear immediately. 
This is executed regardless of the value of the cor- 
responding DDR. When TE is cleared, the serial I/O 
doesn't affect port 2, bit 4. 

Bit 2 TIE Transmit Interrupt Enable 

When this bit is set, an internal interrupt (IRQ3) is 
enabled when TDRE (bit 5) is set. When cleared, the 
interrupt is inhibited. 

Bit 3 RE Receive Enable 

When set, a signal is input to the receiver from port 
2, bit 3 regardless of the value of the DDR. When RE 
is cleared, the serial I/O doesn't affect port 2, bit 3. 

Bit 4 RIE Receive Interrupt Enable 

When this bit is set, an internal interrupt, IRQ3 is 
enabled when RDRF (bit 7) or ORFE (bit 6) is set. 
When cleared, the interrupt is inhibited. 

Bit 5 TDRE Transmit Data Register Empty 

TDRE is set when the TDR is transferred to the 
transmit data shift register in the asynchronous mode, 
while in clocked synchronous mode when the TDSR is 
"empty". This bit is reset by reading the TRCSR and 
writing new transmit data to the transmit data register. 
TDRE is set to "1" during reset. 

Bit 6 ORFE Overrun Framing Error 

ORFE is set by hardware when an overrun or a fram- 
ing error is generated (during data receive only). An 
overrun error occurs when new receive data is ready to 
be transferred to the RDR during RDRF still being set. 
A framing error occurs when a stop bit is "0". But in 



clocked synchronous mode, this bit is not affected. This 

bit is cleared when reading the TRCSR, then the RDR, 

or during reset. 
Bit 7 RDRF Receive Data Register Full 

RDRF is set when the RDSR is transferred to the 

RDR. Cleared when reading the TRCSR, then the RDR, 

or during reset. 
(Note) When a few bits are set between bit 5 to bit 7 in the 

TRCSR, a read of the TRCSR is sufficient for clearing 

those bits. It is not necessary to read the TRCSR every- 

time to clear each bit. 

• Transmit Rate/Mode Control Register (RMCR) 
The RMCR controls the following serial I/O: 



Baud Rate 
Clock Source 



Data Format 

Port 2, Bit 2 Function 



In addition, if 9-bit data format is set in the asynchronous 
mode, the 9th bit is put in this register. All bits are readable and 
writable except bit 7 (read only). This register is set to $00 
during reset. 

Transfer Rate/Mode Control Register 



RD8 TD8 SS2 CC2 CC1 CCO SSI SSO $0010 



BitO 


ssol 


Bit 1 


SS1 


Bit 5 


SS2J 



Speed Select 



These bits control the baud rate used for the SCI. Table 
8 lists the available baud rates. The timer 1 FRC (SS2=0) and 
the timer 2 up counter (SS2=1) provide the internal clock to the 
SCI. When selecting the timer 2 as a baud rate source, it func- 
tions as a baud rate generator. The timer 2 generates the baud 
rate listed in Table 9 depending on the value of the TCONR. 
(Note) When operating the SCI with internal clock, do not 

perform write operation to the timer/counter which is 

the clock source of the SCI. 



Bit 2 
Bit 3 
Bit 4 



CCO] 
CC1 \ 
CC2J 



Clock Control/Format Select* 



These bits control the data format and the clock source 
(refer to Table 10). 

* CCO, CC1 and CC2 are cleared during reset and the MCU 
goes to the clocked synchronous mode of the external 
clock operation. Then the MCU forces port 2, bit 2 
in the clock input state. When using port 2, bit 2 as an 
output port, the DDR of port 2 should be set to "1" and 
CC 1 and CCO to "0" and "1" respectively. 
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Table 8 SCI Bit Times and Transfer Rates 



(1) Asynchronous Mode 





SS1 


sso 


XTAL 


2.4576MHz 


4.0MHz 


4.9152MHz 


SS2 


E 


614.4kHz 


1.0MHz 


1 2288MHz 











E-M6 


26;<s/38400Baud 


16^s/62500Baud 


13;/s/76800Baud 








1 


E-H28 


208//S. 4800Baud 


128//s/7812.5Baud 


104.2/<s/9600Baud 





1 





E-M024 


1 .67ms 600Baud 


1 024ms/976.6Baud 


833.3^s.'1200Baud 





1 


1 


E-f4096 


6.67ms, 150Baud 


4.096ms, 244.1 Baud 


3.333ms/300Baud 


1 


- 


- 


~~ 


* 


* 


* 



* When SS2 is "1", Timer 2 provides SCI clocks. The baud rate is shown as follows with the TCONR as N. 



Baud Rate = 



32(N+1) 



f : input clock frequency to the 
timer 2 counter 

N = 0~255 



(2) Clocked Synchronous Mode 





SS1 


sso 


XTAL 


4.0MHz 


6.0MHz 


8.0MHz 


SS2 


E 


1.0MHz 


1.5MHz 


2.0MHz 











E-=-2 


2^s/bit 


1.33jus/bit 


1 us, bit 








1 


E-H6 


1 6jus/bit 


10.7jus/bit 


8//s/bit 





1 





E-M28 


1 28/*s/bit 


85.3A<s/bit 


64,us/bit 





1 


1 


E-f512 


512AiS/bit 


341jus/bit 


256,/S/bit 


1 


- 


- 


- 


* * 


* * 


* * 



* Bit rates in the case of internal clock operation. In the case of external clock operation, the external clock is 
operatable up to DC ~ 1 /2 system clock. 

** The bit rate is shown as follows with the TCONR as N. 

_ 4 (N+l) /f : input clock frequency to the 



Bit Rate (jus/bit) 



timer 2 counter 
0-255 



Table 9 Baud Rate and Time Constant Register Example 



^~^-\_^ XTAL 

BaudRate (Ba^ar--^ 


2.4576MHz 


3.6864MHz 


4.0MHz 


4.9152MHz 


8.0MHz 


110 


21* 


32* 


35* 


43* 


70* 


150 


127 


191 


207 


255 


51* 


300 


63 


95 


103 


127 


207 


600 


31 


47 


51 


63 


103 


1200 


15 


23 


25 


31 


51 


2400 


7 


11 


12 


15 


25 


4800 


3 


5 


- 


7 


12 


9600 


1 


2 


- 


3 


— 


19200 





- 


— 


1 


— 


38400 


- 


- 


- 





- 



* E/8 clock is input to the timer 2 up counter and E clock otherwise. 
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Table 1 SCI Format and Clock Source Control 



CC2 


CC1 


ceo 


Format 


Mode 


Clock Source 


Port 2, Bit 2 


Port 2, Bit 3 


Port 2, Bit 4 











8-bit data 


Clocked Synchronous 


External 


Input 











1 
1 


1 



1 


8-bit data 
8-bit data 
8-bit data 


Asynchronous 
Asynchronous 
Asynchronous 


I nternal 
Internal 
External 


Not Used** 

Output* 

Input 


When the TRCSR, RE bit is "1", 
bit 3 is used as a serial input. 


1 








8-bit data 


Clocked Synchronous 


Internal 


Output 




1 
1 
1 




1 
1 


1 



1 


9-bit data 
9-bit data 
9-bit data 


Asynchronous 
Asynchronous 
Asynchronous 


Internal 
I nternal 
External 


Not Used** 

When the TRCSR, TE bit is "1", 
Output 

bit 4 is used as a serial output. 
Input J 



* Clock output regardless of the TRCSR, bit RE and TE. 
** Not used for the SCI. 



Bit 6 TD8 Transmit Data Bit 8 

When selecting 9-bit data format in the asynchron- 
ous mode, this bit. is transmitted as the 9th data. In 
transmitting 9-bit data, write the 9th data into this bit 
then write data to the receive data register. 
Bit 7 RD8 Receive Data Bit 8 

When selecting 9-bit data format in the asynchronous 



mode, this bit stores the 9th bit data. In receiving 9-bit 
data, read this bit then the receive data register. 

■ TIMER, SCI STATUS FLAG 

Table 1 1 shows the set and reset conditions of each status 
flag in the timer 1 , timer 2 and SCI. 



Table 1 1 Timer 1 , Timer 2 and SCI Status Flag 





Set Condition 


Reset Condition 




ICF 


FRC -*■ ICR by edge input to P 20 . 


1. Read theTCSRI orTCSR2 then ICRH, 
when ICF=1 

2. FfR=0 




OCF1 


OCR1=FRC 


1. Read the TCSR 1 or TCSR2 then write to the 
OCR1H orOCR1L,when OCF1 = 1 

2. R15=0 


1 


OCF2 


OCR2=FRC 


1. Read the TCSR2 then write to the OCR2H or 
OCR2L,whenOCF2=1 

2. R~E§=0 




TOF 


FRC=$FFFF+1 cycle 


1. Read theTCSRI then FRCH, when TOF = 1 

2. RK=0 


Timer 
2 


CMF 


T2CNT=TCONR 


1. Write "0" to CMF, when CMF = 1 

2. FfCS=0 




RDRF 


Receive Shift Register -»■ RDR 


1. Read the TRCSR then RDR, when RDRF = 1 

2. R"E5=0 


SCI 


ORFE 


1. Framing Error (Asynchronous Mode) 
Stop Bit = 

2. Overrun Error (Asynchronous Mode) 
Receive Shift Register -»• RDR when 
RDRF=1 


1. Read the TRCSR then RDR, when ORFE = 1 

2. RES=0 




TDRE 


1 . Asynchronous Mode 

TDR -* Transmit Shift Register 

2. Clocked Synchronous Mode 
Transmit Shift Register is "empty" 

3. KI5=0 


Read the TRCSR then write to the TDR, 
when TDRE = 1 



(Note) 1. -*■; transfer 

2. For example; "ICRH" means High byte of ICR. 
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■ LOW POWER DISSIPATION MODE 

The HD6301X0 provides two low power dissipation modes; 
sleep and standby. 

• Sleep Mode 

The MCU goes to the sleep mode by SLP instruction execu- 
tion. In the sleep mode, the CPU stops its operation, while the 
registers' contents are retained. In this mode, the peripherals 
except the CPU such as timers, SCI etc. continue their func- 
tions. The power dissipation of sleep-condition is one fifth that 
of operating condition. 

Th e MCU returns from this mo de b y an interrupt, RES or 
ST BY; it goes to the reset state by RES and the standby mode 
by STBY. When the CPU acknowledges an interrupt request, it 
cancels the sleep mode, returns to the operation mode and 
branches to the interrupt routine. When the CPU masks this 
interrupt, it cancels the sleep mode and executes the next 
instruction. However, for example if the timer 1 or 2 prohibits 
a timer interrupt, the CPU doesn't cancel the sleep mode be- 
cause of no interrupt request. 

This sleep mode is effective to reduce the power dissipation 



for a system with no need of the HD6301X0's consecutive 
operation. 

• Standby Mode 

The HD6301X0 stops all the clocks and goes to the reset 
state with STBY "low. In this mode, the power dissipation is 
redu ced co nspicuously. All pins except for the power supply, 
the STBY and XTAL are detached from the MCU internally 
and go to the high impedance state. 

In this mode the power is supplied to the HD6301X0, so 
the contents of RAM is retained. The MCU returns from this 
mode during reset. The followings are typical usage of this 
mode. 

Save the CPU information and SP contents on RAM by NMI. 
Then disable the RAME bit of the RAM control register and set 
the STBY PWR bit to go to the standby mode. If the STBY 
PWR bit is still set at reset start, that indicates the power is 
supplied to the MCU and RAM contents are retained properly. 
So system can restore itself by returning their pre-standby infor- 
mations to the SP and the CPU. Fig. 24 depicts the timing at 
each pin with this example. 




® NMI 



~l 



r 



i 

oSave Registers 
o RAM/Port 5 Control 
Register Set 



I I 

o Oscillator 
Start Time 



Figure 24 Standby Mode Timing 



■ TRAP FUNCTION 

The CPU generates an interrupt with the highest priority 
(TRAP) when fetching an undefined instruction or an instruc- 
tion from non-memory space. The TRAP prevents the system- 
burst caused by noise or a program error. 



memory area. Table 12 provides addresses where an address 
error occurs to each mode. 

This processing is available only for an instruction fetch and 
is not applicable to the access of normal data read/write. 



• Op Code Error 

When fetching an undefined op code, the CPU saves CPU 
registers as well as a normal interrupt and branches to the TRAP 
($FFEE, $FFEF). This provides the priority next to reset. 

• Address Error 

When an instruction fetch is made excluding internal ROM, 
RAM and external memory area, the MCU generates an inter- 
rupt as well as an op code error. But on the system with no 
memory in its external memory area, this error processing is not 
applicable if an instruction fetch is made from the external non- 



Table 12 


Addresses Applicable to Address Errors 


Mode 


1 


2 


3 


Address 


$0000 

I 
$001 F 


$0000 

I 
$001 F 


$0000 

I 
$003F 
$0100 

i 
$EFFF 
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(Note) The TRAP interrupt provides a retry function different- 
ly from other interrupts. This is a program flow return 
to the address where the TRAP occurs when a sequence 
returns to a main routine from the TRAP interrupt 
routine by RTI. The retry can prevent the system burst 
caused by noise etc. 

However, if another TRAP occurs, the program repeats 
the TRAP interrupt forever, so the consideration is 
necessary in programming. 

■ INSTRUCTION SET 

The HD6301X0 provides object code upward compatible 
with the HD6801 to utilize all instruction set of the 
HMCS6800. It also reduces the execution times of key instruc- 
tions for throughput improvement. 

Bit manipulation instruction, change instruction of the 
index register and accumulator and sleep instruction are also 
added. 

The followings are explained here. 

• CPU Programming Model (refer to Fig. 25) 

• Addressing Mode 

• Accumulator and Memory Manipulation Instruction 
(refer to Table 13) 

• New Instruction 

• Index Register and Stack Manipulation Instruction 
(refer to Table 14) 

• Jump and Branch Instruction (refer to Table 1 5) 

• Condition Code Register Manipulation 
(refer to Table 16) 

• Op Code Map (refer to Table 1 7) 

• Programming Model 

Fig. 25 depicts the HD6301X0 programming model. The 
double accumulator D consists of accumulator A and B, so 
when using the accumulator D, the contents of A and B are 
destroyed. 



7 , 


°LT 


8-Bit Accumulator* A and 8 


IS 


° 


Or 16-B'i Double Accumulator 








1" 


X 


Index Register (X) 








1" 


sp o 


Slack Po.nter (SPJ 








1" • 


PC 


Program Counter (PCI 




7 






|.|.|h|.|n|,|v|c 


Condition Code Register (CCH1 












\\± 


Carry/Borrow from MSB 
Overflow 








Negative 








Halt Carry (from B>t 3) 



Figure 25 CPU Programming Model 

• CPU Addressing Mode 

The HD6301X0 provides 7 addressing modes. The addressing 
mode is decided by an instruction type and code. Table 13 
through 17 show addressing modes of each instruction with 
the execution times counted by the machine cycle. 

When the clock frequency is 4 MHz, the machine cycle time 
becomes microseconds directly. 
Accumulator (ACCX) Addressing 

Only an accumulator is addressed and the accumulator A or 



B is selected. This is a one-byte instruction. 
Immediate Addressing 

This addressing locates a data in the second byte of an 
instruction. However, LDS and LDX locate a data in the second 
and third byte exceptionally. This addressing is a 2 or 3-byte 
instruction. 
Direct Addressing 

In this addressing mode, the second byte of an instruc- 
tion shows the address where a data is stored. 256 bytes ($0 
through $255) can be addressed directly. Execution times 
can be reduced by storing data in this area so it is recommended 
to make it RAM for users' data area in configurating a system. 
This is a 2 -byte instruction, while 3 byte with regard to AIM, 
OIM, EIM and TIM. 
Extended Addressing 

In this mode, the second byte shows the upper 8 bit of the 
data stored address and the third byte the lower 8 bit. This 
indicates the absolute address of 3 byte instruction in the 
memory. 
Indexed Addressing 

The second byte of an instruction and the lower 8 bit of the 
index register are added in this mode. As for AIM, OIM, EIM 
and TIM, the third byte of an instruction and the lower 8 bits 
of the index register are added. 

This carry is added to the upper 8 bit of the index register 
and the result is used for addressing the memory. The modified 
address is retained in the temporary address register, so the con- 
tents of the index register doesn't change. This is a 2-byte 
instruction except AIM, OIM, EIM and TIM (3-byte instruc- 
tion). 
Implied Addressing 

An instruction itself specifies the address. That is, the 
instruction addresses a stack pointer, index register etc. This is a 
one-byte instruction. 
Relative Addressing 

The second byte of an instruction and the lower 8 bits of 
the program counter are added. The carry or borrow is added to 
the upper 8 bit. So addressing from -126 to +129 byte of the 
current instruction is enabled. This is a 2-byte instruction. 
(Note) CLI, SEI Instructions and Interrupt Operation 

When accepting the IRQ at a preset timing with the help 
of CLI and SEI instructions, more than 2 cycles are 
necessary between the CLI and SEI instructions. For 
example, the following program (a) (b) don't accept the 
IRQ but (c) accepts it. 



CLI 

SEI 



(a) 



CLI 

NOP 

SEI 



(b) 



CLI 
NOP 
NOP 
SEI 



(c) 



The same thing can be said to the TAP instruction 
instead of the CLI and SEI instructions. 
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Table 13 Accumulator, Memory Manipulation Instructions 



Operations 


Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic Operation 


Condition Code 
Register 


IMMED 


DIRECT 


INDEX 


EXTEND 


IMPLIED 


5 


4 


3 


2 


1 







OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


H 


' 


N 


Z 


V 


C 


Add 


ADDA 


8B 


2 


2 


9B 


3 


2 


AS 


4 


2 


BB 


4 


3 








A + M- A 


t 






t 




t 




ADDB 


CB 


2 


2 


OB 


3 


2 


EB 


4 


2 


FB 


4 


3 








B + M-B 


t 






I 




t 


Add Double 


ADDD 


C3 


3 


3 


D3 


4 


2 


E3 


5 


2 


F3 


5 


3 








A:B + M:M + 1->A:B 


• 






I 




t 


Add Accumulators 


ABA 


























IB 


1 


1 


A + B-> A 


t 






t 




J 


Add With Carry 


ADCA 


89 


2 


2 


99 


3 


2 


A9 


4 


2 


B9 


4 


3 








A + M + C-* A 


t 






t 




I 




ADCB 


C9 


2 


2 


D9 


3 


2 


E9 


4 


2 


F9 


4 


3 








B + M + C-B 


J_ 






t 




I 


AND 


ANDA 


84 


2 


2 


94 


3 


2 


A4 


4 


2 


B4 


4 


3 








A-M-« A 








t 


R 


• 




ANDB 


C4 


2 


2 


D4 


3 


2 


E4 


4 


2 


F4 


4 


3 








B-M-B 








I 


R 


• 


Bit Test 


BIT A 


85 


2 


2 


95 


3 


2 


A5 


4 


2 


B5 


4 


3 








A-M 








1 


R 


• 




BIT B 


C5 


2 


2 


D5 


3 


2 


E5 


4 


2 


F5 


4 


3 








B-M 








t 


R 


• 


Clear 


CLR 














6F 


5 


2 


7F 


5 


3 








00- M 






R 


s 


R 


R 




CLRA 


























4F 


1 


1 


00- A 






R 


s 


R 


R 




CLRB 


























5F 


1 


1 


00 -B 






R 


s 


R 


R 


Compare 


CMPA 


81 


2 


2 


91 


3 


2 


A1 


4 


2 


iBI 


4 


3 








A-M 








t 


t 


t 




CMPB 


C1 


2 


2 


01 


3 


2 


E1 


4 


2 


F1 


4 


3 








B-M 








t 


t 


I 


Compare 
Accumulators 


CBA 


























11 


1 


1 


A-B 








t 


t 


t 


Complement, 1 's 


COM 














63 


6 


2 


73 


6 


3 








M - M 








t 


R 


S 




COMA 
























43 


1 


1 


A -A 








t 


R 


S 




COMB 


























53 


1 


1 


B -B 








t 


R 


s 


Complement, 2's 


NEG 














60 


6 


2 


70 


6 


3 








00 - M - M 








t 


© 


© 


(Negate) 


NEGA 


























40 


1 


1 


00 - A - A 








t 


© 


® 




NEGB 


























50 


1 


1 


00- B -B 








* 


© 


© 


Decimal Adjust. A 


DAA 


























19 


2 


1 


Converts binary add of BCD 
characters into BCD format 








J 


J 


® 


Decrement 


DEC 














6A 


6 


2 


7A 


6 


3 








M - 1 - M 








t 


® 






DECA 


























4A 


1 


1 


A - 1 -A 








» 


© 






DECB 


























5A 


1 


1 


B - 1 -B 








J 


® 




Exclusive OR 


EORA 


88 


2 


2 


98 


3 


2 


A8 


4 


2 


B8 


4 


3 








A© M- A 








t 


R 






EORB 


C8 


2 


2 


D8 


3 


2 


E8 


4 


2 


F8 


4 


3 








B © M- B 








t 


R 




Increment 


INC 














6C 


6 


2 


7C 


6 


3 








M + 1 ->M 








t 


® 






INCA 


























4C 


1 


1 


A + 1 - A 








t 


® 






INCB 


























5C 


1 


1 


8 + 1-> B 








t 


® 




Load 


LDAA 


86 


2 


2 


96 


3 


2 


A6 


4 


2 


B6 


4 


3 








M-> A 








t 


R 




Accumulator 


LDAB 


C6 


2 


2 


D6 


3 


2 


E6 


4 


2 


F6 


4 


3 








M - B 








t 


R 




Load Double 
Accumulator 


LDD 


CC 


3 


3 


DC 


4 


2 


EC 


5 


2 


FC 


5 


3 








M + 1 -B, M- A 








t 


R 




Multiply Unsigned 


MUL 


























3D 


7 


1 


AxB- A :8 






• 


• 


• 


© 


OR, Inclusive 


ORAA 


8A 


2 


2 


9A 


3 


2 


AA 


4 


2 


BA 


4 


3 








A+M- A 








X 


R 






ORAB 


CA 


2 


2 


DA 


3 


2 


EA 


4 


2 


FA 


4 


3 








B + M - B 








t 


R 




Push Data 


PSHA 


























36 


4 


1 


A - Msp, SP - 1 - SP 






• 


• 


• 






PSHB 


























37 


4 


1 


B - Msp, SP - 1 - SP 






• 


• 


• 




Pull Data 


PULA 


























32 


3 


1 


SP + 1 - SP, Msp -» A 






• 


• 


• 






PULB 


























33 


3 


1 


SP + 1 -» SP, Msp - B 






• 


• 


• 




Rotate Left 


ROL 














69 


6 


2 


79 


6 


3 
















J 


® 






ROLA 


























49 


1 


1 


. Ut M 1 1 1 1 II IW 
B l C b7 bo 








t 


® 






ROLB 


























59 


1 


1 








J 


© 




Rotate Right 


ROR 














66 


6 


2 


76 


6 


3 
















t 


® 










RORA 


























46 


1 


1 


a l*H*| 1 1 1 1 1 1 1 K* 1 
1 C b7 bO 








t 


® 






RORB 


























56 


1 


1 




'I' 


t 


® 





(Note) Condition Code Register will be explained in Note of Table 16. 
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Table 13 Accumulator, Memory Manipulation Instructions 





Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic Operation 


Condition Code 
Register 


Operations 


IMMED 


DIRECT 


INDEX 


EXTEND 


IMPLIED 


5 


4 


3 


2 


1 







OP 


~ 


# 


OP 


- 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


H 


1 


N 


Z 


V 


C 


Shift Left 


ASL 














68 


6 


2 


78 


6 


3 








M, 










© 


t 




ASLA 


























48 


1 




a rw 1 1 1 1 1 1 1 h-o 

,| C u bO 










© 


» 




ASLB 


























58 


1 












© 


t 




ASLD 


























05 


1 














© 




Ooubit Shift 
Left, Arithmatic 


] W ACC A/ ACC B k-o 
C A7 AO B7 80 


t 


Shift Right 


ASR 














67 


6 


2 


77 


6 


3 








M l r-i — " 










© 


t 


Arithmatic 


ASRA 


























47 


1 




a H 1 1 1 1 1 1 1 M 1 

B> " bO C 










© 


t 




ASRB 


























57 


1 












© 


i 


Shift Right 


LSR 














64 


6 


2 


74 


6 


3 








M, •- 






R 




'£> 


t 


Logical 


LSRA 


























44 


1 




* «*1 1 1 1 1 1 1 1 M 1 

el " "o r 






R 




® 


X 




LSRB 


























54 


1 








R 




© 


t 




LSRD 


























04 


1 










R 




© 




Right Logical 


0-M ACC A/ ACC B 1-H | 
A7 AO B7 BO C 


t 


Store 


STAA 








97 


3 


2 


A7 


4 


2 


B7 


4 


3 








A- M 










R 


• 


Accumulator 


STAB. 








D7 


3 


2 


E7 


4 


2 


F7 


4 


3 








B -. M 










R 


• 


Store Double 
Accumulator 


STD 








DO 


4 


2 


ED 


5 


2 


FD 


5 


3 








A-» M 
B -* M + 1 










R 


• 


Subtract 


SUBA 


80 


2 


2 


90 


3 


2 


AO 


4 


2 


BO 


4 


3 








A-M -A 
















SUBB 


CO 


2 


2 


DO 


3 


2 


EO 


4 


2 


FO 


4 


3 








B -M -B 














Double Subtract 


SUBD 


83 


3 


3 


93 


4 


2 


A3 


5 


2 


B3 


5 


3 








A:B-M:M + 1-A:B 














Subtract 
Accumulators 


SBA 


























10 


1 


1 


A -B-» A 














Subtract 


SBCA 


82 


2 


2 


92 


3 


2 


A2 


4 


2 


B2 


4 


3 








A-M-C- A 














With Carry 


S8CB 


C2 


2 


2 


D2 


3 


2 


E2 


4 


2 


F2 


4 


3 








B -M-C-B 














Transfer 


TAB 


























16 


1 


1 


A-.B 










R 




Accumulators 


TBA 


























17 


1 


1 


B- A 










R 


• 


Test Zero or 


TST 














60 


4 


2 


7D 


4 


3 








M-00 










R 


R 


Minus 


TSTA 


























4D 


1 


1 


A -00 










R 


R 




TSTB 


























50 


1 


1 


B -00 










R 


R 


And Immediate 


AIM 








71 


6 


3 


61 


7 


3 














MIMM-M 










R 


• 


OR Immediate 


OIM 








72 


6 


3 


62 


7 


3 














M+IMM-M 










R 


• 


EOR Immediate 


EIM 








75 


6 


3 


65 


7 


3 














M®IMM-M 








t 


R 


• 


Test Immediate 


TIM 








7B 


4 


3 


6B 


5 


3 














MIMM 








1 


R 


• 



(Note) Condition Code Register will be explained in Note of Table 16. 



• Additional Instruction 

In addition to the HD6801 instruction set, the HD6301X0 
prepares the following new instructions. 

AIM (M)-(IMM)->(M) 

Executes "AND" operation to immediate data and the 
memory contents and stores its result in the memory. 

OIM (M) + (IMM) -*(M) 

Executes "OR" operation to immediate data and the 
memory contents and stores its result in the memory. 

EIM (M)©(IMM) -" (M) 

Executes "EOR" operation to immediate data and the 
memory contents and stores its result in the memory. 



TIM (M) • (IMM) 

Executes "AND" operation to immediate data and 
changes the relative flag of the condition code register. 

These area 3-byte instructions; the first byte is op code, the 
second immediate data and the third address modifier. 

XGDX (ACCD) «-> (IX) 

Exchanges the contents of accumulator and the index 
register. 



SLP 



Goes to the sleep mode. Refer to "LOW POWER DIS- 
SIPATION MODE" for more details of the sleep mode. 
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Table 14 Index Register, Stack Manipulation Instructions 





Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic Operation 


Condition Code 
Register 


Pointer Operations 


IMMED. 


DIRECT 


INDEX 


EXTEND 


IMPLIED 


5 


4 


3 


2 


1 







OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


H 


1 


N 


Z 


V 


C 


Compare Index Reg 


CPX 


8C 


3 


3 


9C 


4 


2 


AC 


5 


2 


BC 


5 


3 








X-M:M + 1 






: 


J 


: 


t 


Decrement Index Reg 


DEX 


























09 


1 


1 


X- 1- X 






• 


t 


• 




Decrement Stack Pntr 


DES 


























34 


1 


1 


SP - 1 -» SP 














Increment Index Reg 


INX 


























08 


1 


1 


X + 1-X 






• 


t 


• 




Increment Stack Pntr 


INS 


























31 


1 


1 


SP + 1 .-» SP 














Load Index Reg 


LDX 


CE 
8E 


3 


3 
3 


DE 
9E" 


4 

4 


2 
2 


EE 
AE 


5 

y 


2 
2 


FE 


5 


3 








M-» X H . (M+D- X L 






® 


t 


R 




Load Stack Pntr 


LDS 


BE 5 


3 








M-SP H .<M+1)-SP L 






® 


t 


R 




Store Index Reg 


STX 








i° f 4 


4 


2 


EF 


5 


2 


FF 


5 


3 








X H -M.X L -(M + 1) 






® 


t 


R 




Store Stack Pntr 


STS 








9F 


4 


2 


AF 


5 


2 


BF 


5 


3 








SP H -M.SP L - (M + 1) 






® 


1 


R 




Index Reg -» Stack Pntr 


TXS 






" 












35 


1 


1 


X - 1 - SP 














Stack Pntr -• Index Reg 


TSX 




















30 


1 


1 


SP + 1 - X 














Add 


ABX 


























3A 


1 


1 


B + X- X 














Push Data 


PSHX 


























3C 


5 


1 


X L -M,p,SP-1-»SP 
X H ->M,p.SP-1-SP 














Pull Data 


PULX 


























38 


4 


1 


SP + 1 - SP. M,p - X H 
SP+ 1-SP. M,p->X L 














Exchange 


XGDX 


























18 


2 


1 


ACCD-IX 















(Note) Condition Code Register will be explained in Note of Table 16. 



Table 15 Jump, Branch Instruction 





Mnemonic 


Addressing Modes 


Branch Test 


Condition Code 
Register 


Operations 


RELATIVE 


DIRECT 


INDEX 


EXTEND 


IMPLIED 


5 


4 


3 


2 


1 







OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


H 


1 


N 


Z 


V 


C 


Branch Always 


BRA 


20 


3 


2 


























None 














Branch Never 


BRN 


21 


3 


2 


























None 














Branch If Carry Clear 


BCC 


24 


3 


2 


























C = 














Branch If Carry Set 


BCS 


25 


3 


2 


























C- 1 














Branch If « Zero 


BEQ 


27 


3 


2 


























Z= 1 














Branch If > Zero 


BGE 


2C 


3 


2 


























N © V-0 














Branch If > Zero 


BGT 


2E 


3 


2 


























Z + IN © V) -0 














Branch If Higher 


BHI 


22 


3 


2 


























C + Z-0 














Branch If < Zero 


BLE 


2F 


3 


2 


























Z + (N © V) - 1 














Branch If Lower Or 
Same 


BLS 


23 


3 


2 


























C + Z = 1 














Branch If < Zero 


BLT 


2D 


3 


2 


























N © V= 1 














Branch If Minus 


BMI 


2B 


3 


2 


























N- 1 














Branch If Not Equal 
Zero 


BNE 


26 


3 


2 


























Z-0 














Branch If Overflow 
Clear 


BVC 


28 


3 


2 


























V-0 














Branch If Overflow Set 


BVS 


29 


3 


2 


























V = 1 














Branch If Plus 


BPL 


2A 


3 


2 


























N-0 














Branch To Subroutine 


BSR 


8D 


5 


2 








































Jump 


JMP 














6E 


3 


2 


7E 


3 


3 




















Jump To Subroutine 


JSR 








90 


5 


2 


AD 


5 


2 


£0 


6 


3 




















No Operation 


NOP 


























01 


1 


1 


Advances Prog. Cntr. 
Only 














Return From Interrupt 


RTI 


























3B 


10 


1 






I 




Return From 
Subroutine 


RTS 


























39 


5 


1 














Software Interrupt 


SWI 


























3F 


12 


1 


• 


S 


• 


• 


• 


• 


Wait for Interrupt* 


WAI 


























3E 


9 


1 


• 


® 


• 


• 


• 


• 


Sleep 


SLP 


























1A 


4 


1 

















(Note) * WAI puts R/W high; Address Bus goes to FFFF; Data Bus goes to the three : 
Condition Code Register will be explained in Note of Table 16. 
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Table 16 Condition Code Register Manipulation Instructions 





Mnemonic 


AddressingModes 


Boolean Operation 


Condition Code Register 


Operations 


IMPLIED 


5 




3 


2 


1 







OP 


~ 


# 


H 




N 


Z 


V 


c 


Clear Carry 


CLC 


OC 






0-C 










• 


R 


Clear Interrupt Mask 


CLI 


OE 






0-* 1 










• 


• 


Clear Overflow 


CLV 


OA 






0- V 










R 


• 


Set Carry 


SEC 


OD 






1 -C 










• 


S 


Set Interrupt Mask 


SEI 


OF 






1 - I 










• 


• 


Set Overflow 


SEV 


OB 






1 -V 










S 


• 


Accumulator A -» CCR 


TAP 


06 






A- CCR 






CCR -» Accumulator A 


TPA 


07 






CCR- A 


•|.|.|.|. |. 



LEGEND 

OP Operation Code (Hexadecimal) 

~ Number of MCU Cycles 

Msp Contents of memory location pointed to by Stack Pointer 

# Number of Program Bytes 
+ Arithmetic Plus 

Arithmetic Minus 

• Boolean AND 

+ Boolean Inclusive OR 

© Boolean Exclusive OR 

M Complement of M 

-* Transfer into 

Bit = Zero 



CONDITION CODE SYMBOLS 

H Half-carry from bit 3 to bit 4 

I Interrupt mask 

N Negative (sign bit) 

Z Zero (byte) 

V Overflow, 2's complement 

C Carry/Borrow from/to bit 7 

R Reset Always 

S Set Always 

X Set if true after test or clear 

• Not Affected 



00 Byte = Zero 


ate) Condition Co 


© 


(Bit V) 


® 


(Bit C) 


® 


(Bit C) 


® 


(Bit V) 


® 


(Bit V) 


® 


(BitV) 


® 


(BitN) 


® 


(All Bit) 


© 


(Bit 1) 


® 


(All Bit) 


® 


(Bit C) 



(Note) Condition Code Register Notes: (Bit set if test is true and cleared otherwise) 
Test: Result = 10000000? 
Test: Result ^ 00000000? 

Test: BCD Character of high-order byte greater than 10? (Not cleared if previously set) 
Test: Operand = 10000000 prior to execution? 
Test: Operand = 01111111 prior to execution ? 
Test: Set equal to NO C = 1 after the execution of instructions 
Test: Result less than zero? (Bit 15=1) 
Load Condition Code Register from Stack. 

Set when interrupt occurs. If previously set, a Non-Maskable Interrupt is required to exist the wait state. 
Set according to the contents of Accumulator A. 
Result of Multiplication Bit 7=1? (ACCB) 



Table 17 OP-Code Map 



OF 






ACC 
A 


ACC 
B 


IND 


EXj/ 

/dir' 


ACCA or SP 




ACCB or X 






CODE 


IMM 


DIR 


IND 


EXT 


IMM 


DIR 


IND 


EXT 




\hi 


0000 


0001 


1010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 







1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 




0000 







SBA 


BRA 


TSX 


NEG 






SUB 









0001 


1 


NOP 


CBA 


BRN 


INS 


_^ — ' 


AIM 


CMP 


1 


0010 


2 






BHI 


PULA 




OIM 


SBC 


2 


0011 


3 






BLS 


PULB 


COM 




SUBD 


1 


ADDD 




3 


0100 


4 


LSRD 




BCC 


OES 


LSR 


AND 


4 


0101 


5 


ASLD 




BCS 


TXS 


_^_-— —""""I EIM 


BIT 


5 


0110 


6 


TAP 


TAB 


BNE 


PSHA 


ROR 


LDA 


6 


Old 


7 


TPA 


TBA 


BEQ 


PSHB 


ASR 




STA 


._l^l 


STA 




7 


1000 


8 


INX 


XGDX 


BVC 


PULX 


ASL 


EOR 


8 


1001 


9 


DEX 


DAA 


BVS 


RTS 


ROL 


ADC. 


9 


1010 


A 


CLV 


SLP 


BPL 


ABX 


DEC 


ORA 


A 


1011 


B 


SEV 


ABA 


BMI 


RTI 


— — ~~~ 1 TIM 


ADD 


B 


1100 


c 


CLC 




BGE 


PSHX 


INC 


CPX 


LDD 


C 


1101 


O 


SEC 




BLT 


MUL 


TST 


BSR 


JSR 




^-"'"l STD 


D 


1110 


E 


CLI 




BGT 


WAI 


^^\^^'\ JMP 


LDS 


LDX 


E 


1111 


F 


SEI 




BLE 


SWI 


CLR 




STS 




STX 


F 









1 


2 


3 


4 


5 | 6 | 7 


8 


9 | A 


B 


C 


D | E 


' 





UNDEFINED OP CODE 
' Only each instructions of AIM, OIM, EIM, TIM 
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■ CPU OPERATION 

• CPU Instruction Flow 

When operating, the CPU fetches an instruction from a 
memory an d exe cutes the required function. This sequence 
starts with RES cancel and repeats itself limitlessly if not 
affected by a special instruction or a control signal. SWI, RTI, 
WAI and S L P inst ructions are to chan ge this operation, while 
NMI, IRQi, IRQ 2 , IRQ3, HALT and STBYare to control it. 
Fig. 26 gives the CPU mode transition and Fig. 27 the CPU 
system flow chart. Table 18 shows CPU operating states and 
port states. 

• Operation at Each Instruction Cycle 

Table 19 provides the operation at each instruction cycle. 
By the pipeline control of the HD6301X0, MULT, PUL, DAA 
and XGDX instructions etc. prefetch the next instruction. So 
attention is necessary to the counting of the instruction cycles 

because it is different from the existent one op code fetch 

to the next instruction op code. 



Table 18 CPU Operation State and Port State 



U^-JSig 



^-^K 



Is 





Port 


Mode 


Reset 


STBY** ## 


HALT*** 


Sleep 


Portl 


Mode 1,2 


H 


T 


T 


H 


(A„ ~A 7 ) 


Mode 3 


T 




Keep 


Port 2 


Mode 1,2 


T 


T 


Keep 


Keep 


Mode 3 




Port 3 


Mode 1,2 


T 


T 


T 


T 


(D„~D 7 ) 


Mode 3 




Keep 


Port 4 


Mode 1.2 


H 


T 


T 


H 


(A,~A,s) 


Mode 3 


T 




Keep 


Port 5 


Mode 1,2 


T 


T 


T 




Mode 3 






Port 6 


Mode 1,2 


T 


T 


Keep 


Keep 


Mode 3 


_^-— --- , "~' 


Port 7 


Mode 1,2 


* 


T 


•• 


* 


Mode 3 


T 




Keep 



Figure 26 CPU Operation Mode Transition 



H ; High, L ; Low, T ; High Impedance 
RD, WR, R/W, UR-H, BA= L 
RD, W R, R/W-T, LIR, BA=H 
HALT is unacceptable in mode 3. 
E pin goes to high impedance state. 
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fY 
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Tn 





(Note) 1. The program sequence will co me to the R ES star t from 
any place of the flow during RES. When STBY=0, the 
sequence will go into the standby mode regardless of the CPU 
condition. 

2. Refer to "FUNCTIONAL PIN DESCRIPTION" for more 
details of interrupts. 
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Figure 27 HD6301X0 System Flow Chart 
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Table 19 Cycle-by -Cycle Operation 



Address Mode & 
Instructions 



Cycles 



Cycle 



R/W RD WR 



Data Bus 



ADC ADD 
AND BIT 
CMP EOR 
LDA ORA 
SBC SUB 


2 


1 
2 


Op Code Address + 1 
Op Code Address + 2 


1 
1 






1 
1 


1 




Operand Data 
Next Op Code 


ADDD CPX 
LDD LDS 
LDX SUBD 


3 


1 
2 
3 


Op Code Address + 1 
Op Code Address + 2 
Op Code Address + 3 


1 
1 
1 







1 
1 
1 


1 
1 




Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 



ADC 


ADD 




1 


Op Code Address + 1 


1 





1 


1 


Address of Operand (LSB) 


AND 


BIT 




2 


Address of Operand 


1 





1 


1 


Operand Data 


CMP 


EOR 


3 


3 


Op Code Address + 2 


1 





1 





Next Op Code 


LDA 


ORA 


















SBC 


SUB 


















STA 






1 


Op Code Address + 1 


1 





1 


1 


Destination Address 






3 


2 


Destination Address 





1 





1 


Accumulator Data 








3 


Op Code Address + 2 


1 





1 





Next Op Code 


ADDD 


CPX 




1 


Op Code Address + 1 


1 





1 


1 


Address of Operand (LSB) 


LDD 


LDS 


4 


2 


Address of Operand 


1 





1 


1 


Operand Data (MSB) 


LDX 


SUBD 


3 


Address of Operand ■+ 1 


1 





1 


1 


Operand Data (LSB) 








4 


Op Code Address + 2 


1 





1 





Next Op Code 


STD 


STS 




1 


Op Code Address+ 1 


1 





1 


1 


Destination Address (LSB) 


STX 




4 


2 


Destination Address 





1 





1 


Register Data (MSB) 






3 


Destination Address +1 





1 





1 


Register Data (LSB) 








4 


Op Code Address + 2 


1 





1 





Next Op Code 


JSR 






1 
2 


Op Code Address +1 
FFFF 


1 

1 




1 


1 
1 


1 
1 


Jump Address (LSB) 
Restart Address (LSB) 






5 


3 


Stack Pointer 





1 





1 


Return Address (LSB) 








4 


Stack Pointer - 1 





1 





1 


Return Address (MSB) 








5 


Jump Address 


1 





1 





First Subroutine Op Code 


TIM 






1 


Op Code Address + 1 


1 





1 


1 


Immediate Data 






4 


2 


Op Code Address + 2 


1 





1 


1 


Address of Operand (LSB) 






3 


Address of Operand 


1 





1 


1 


Operand Data 








4 


Op Code Address + 3 


1 





1 





Next Op Code 


AIM 


EIM 




1 


Op Code Address + 1 


1 





1 


1 


Immediate Data 


OIM 






2 


Op Code Address + 2 


1 





1 


1 


Address of Operand (LSB) 






6 


3 


Address of Operand 


1 





1 


1 


Operand Data 






4 


FFFF 


1 


1 


1 


1 


Restart Address (LSB) 








5 


Address of Operand 





1 





1 


New Operand Data 








6 


Op Code Address + 3 


1 





1 





Next Op Code 
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Address Mode & 
Instructions 



Cycles 



Cycle 

1* 



JMP 


3 


1 
2 
3 


Op Code Address + 1 

FFFF 

Jump Address 






1 





1 
1 




Offset 

Restart Address (LSB) 

First Op Code of Jump Routine 


ADC ADD 
AND BIT 
CMP EOR 
LDA ORA 
SBC SUB 
TST 


4 


1 
2 
3 
4 


Op Code Address+ 1 

FFFF 

IX + Offset 

Op Code Address + 2 






1 







1 
1 
1 




Offset 

Restart Address (LSB) 
Operand Data 
Next Op Code 


STA 


4 


1 
2 
3 

4 


Op Code Address+1 

FFFF 

IX + Offset 

Op Code Address + 2 







1 
1 










Offset 

Restart Address (LSB) 
Accumulator Data 
Next Op Code 


ADDD 

CPX LDD 
LDS LDX 
SUBD 


5 


1 
2 
3 
4 
5 


Op Code Address+1 

FFFF 

IX + Offset 

IX + Offset +1 

Op Code Address + 2 






1 











Offset 

Restart Address (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 


STD STS 
STX 


5 


1 
2 
3 
4 
5 


Op Code Address+1 

FFFF 

IX + Offset 

IX + Offset + 1 

Op Code Address + 2 








1 
1 
1 











Offset 

Restart Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 
Next Op Code 


JSR 


5 


1 
2 
3 
4 
5 


Op Code Address + 1 

FFFF 

Stack Pointer 

Stack Pointer -1 

IX + Offset 








1 
1 
1 











Offset 

Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 


ASL ASR 
COM DEC 
INC LSR 
NEG ROL 
ROR 


6 


1 
2 
3 
4 
5 
6 


Op Code Address+1 

FFFF 

IX + Offset 

FFFF 

IX + Offset 

Op Code Address+1 







1 



1 
1 










Offset 

Restart Address (LSB) 
Operand Data 
Restart Address (LSB) 
New Operand Data 
Next Op Code 


TIM 


5 


1 
2 
3 
4 
5 


Op Code Address+1 

Op Code Address + 2 

FFFF 

IX + Offset 

Op Code Address + 3 







1 










Immediate Data 

Offset 

Restart Address (LSB) 

Operand Data 

Next Op Code 


CLR 


5 


1 
2 
3 
4 
5 


Op Code Address+ 1 

FFFF 

IX + Offset 

IX + Offset 

Op Code Address + 2 







1 



1 










Offset 

Restart Address (LSB) 

Operand Data 

00 

Next Op Code 


AIM EIM 
OIM 


7 


1 
2 
3 

4 
5 
6 

7 


Op Code Address+1 

Op Code Address + 2 

FFFF 

IX + Offset 

FFFF 

IX+Offset 

Op Code Address + 3 



1 





1 



1 
1 






1 





Immediate Data 

Offset 

Restart Address (LSB) 

Operand Data 

Restart Address (LSB) 

New "Operand Data 

Next Op Code 
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Address Mode & 
Instructions 



j Cycles 



Cycle 



R/W 



JMP 


3 


1 
2 
3 


Op Code Address +1 
Op Code Address + 2 
Jump Address 














Jump Address (MSB) 
Jump Address (LSB) 
Next Op Code 


ADC ADD TST 
AND BIT 
CMP EOR 
LDA ORA 
SBC SUB 


4 


1 
2 

3 

4 


Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Op Code Address + 3 















Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 
Next Op Code 


STA 


4 


1 
2 
3 
4 


Op Code Address +1 
Op Code Address + 2 
Destination Address 
Op Code Address + 3 








1 










Destination Address (MSB) 
Destination Address (LSB) 
Accumulator Data 
Next Op Code 


ADDD 

CPX LDD 
LDS LDX 
SUBD 


5 


1 
2 
3 
4 
5 


Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Address of Operand + 1 
Op Code Address + 3 
















Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 


STD STS 
STX 


5 


1 
2 
3 
4 
5 


Op Code Address +1 
Op Code Address + 2 
Destination Address 
Destination Address +1 
Op Code Address + 3 








1 
1 











Destination Address (MSB) 
Destination Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 
Next Op Code 


JSR 


6 


1 
2 
3 
4 
5 
6 


Op Code Address + 1 

Op Code Address + 2 

FFFF 

Stack Pointer 

Stack Pointer— 1 

Jump Address 









1 
1 
1 











Jump Address (MSB) 
Jump Address (LSB) 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 


ASL ASR 
COM DEC 
INC LSR 
NEG ROL 
ROR 


6 


1 
2 
3 
4 
5 
6 


Op Code Address + 1 

Op Code Address + 2 

Address of Operand 

FFFF 

Address of Operand 

Op Code Address + 3 









1 
1 










Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 
Restart Address (LSB) 
New Operand Data 
Next Op Code 


CLR 


5 


1 
2 
3 
4 
5 


Op Code Address +1 
Op Code Address + 2 
Address of Operand 
Address of Operand 
Op Code Address + 3 




1 






1 






1 





Address of Operand (MSB) 

Address of Operand (LSB) 

Operand Data 

00 

Next Op Code 
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Address Mode & 



Cycles 



Cycle 



ABA ABX 
ASL ASLD 
ASR CBA 
CLC CLI 
CLR CLV 
COM DEC 
DES DEX 
INC INS 
INX LSR 
LSRD ROL 
ROR NOP 
SBA SEC 
SEI SEV 
TAB TAP 
TBA TPA 
TST TSX 
TXS 


1 


1 


Op Code Address + 1 


1 





1 





Next Op Code 


DAA XGDX 


2 


1 
2 


Op Code Address +1 
FFFF 






1 






1 


Next Op Code 
Restart Address (LSB) 


PULA PULB 


3 


1 
2 
3 


Op Code Address +1 

FFFF 

Stack Pointer +1 





1 








Next Op Code 
Restart Address (LSB) 
Data from Stack 


PSHA PSHB 


4 


1 
2 
3 
4 


Op Code Address +1 

FFFF 

Stack Pointer 

Op Code Address+1 







1 
1 










Next Op Code 
Restart Address (LSB) 
Accumulator Data 
Next Op Code 


PULX 


4 


1 
2 
3 

4 


Op Code Address+1 

FFFF 

Stack Pointer + 1 

Stack Pointer + 2 






1 










Next Op Code 
Restart Address (LSB) 
Data from Stack (MSB) 
Data from Stack (LSB) 


PSHX 


5 


1 
2 
3 

4 

5 _, 


Op Code Address + 1 

FFFF 

Stack Pointer 

Stack Pointer— 1 

Op Code Address + 1 








1 
1 
1 











Next Op Code 
Restart Address (LSB) 
Index Register (LSB) 
Index Register (MSB) 
Next Op Code 


RTS 


5 


1 
2 
3 
4 
5 


Op Code Address+1 

FFFF 

Stack Pointer + 1 

Stack Pointer + 2 

Return Address 






1 











Next Op Code 
Restart Address (LSB) 
Return Address (MSB) 
Return Address (LSB) 
First Op Code of Return Routine 


MUL 


7 


1 
2 
3 
4 
5 
6 
7 


Op Code Address + 1 

FFFF 

FFFF 

FFFF 

FFFF 

FFFF 

FFFF 












Next Op Code 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
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Address Mode & 
Instructions 



Cycles 



Cycle 

* 



R/W 



m 



wr" Tin" 



Data Bus 



IMPLIED 



WAI 




1 


Op Code Address + 1 


1 





1 






Next Op Code 






2 


FFFF 


1 






1 






Restart Address (LSB) 






3 


Stack Pointer 
















Return Address (LSB) 






4 


Stack Pointer- 1 
















Return Address (MSB) 




9 


5 • 

6 

7 

8 

9 


Stack Pointer -2 
Stack Pointer -3 
Stack Pointer -4 
Stack Pointer— 5 
Stack Pointer -6 
























Index Register (LSB) 
Index Register (MSB) 
Accumulator A 
Accumulator B 
Conditional Code Register 


RTI 


10 


1 
2 
3 
4 
5 


Op Code Address +1 

FFFF 

Stack Pointer +1 

Stack Pointer + 2 

Stack Pointer + 3 







1 














Next Op Code 
Restart Address (LSB) 
Conditional Code Register 
Accumulator B 
Accumulator A 




6 


Stack Pointer +4 

















Index Register (MSB) 






7 


Stack Pointer + 5 

















Index Register (LSB) 






8 


Stack Pointer + 6 

















Return Address (MSB) 






9 


Stack Pointer + 7 

















Return Address (LSB) 






10 


Return Address 
















First Op Code of Return Routine 


SWI 




1 


Op Code Address + 1 

















Next Op Code 






2 


FFFF 


















Restart Address (LSB) 






3 


Stack Pointer 
















Return Address (LSB) 






4 


Stack Pointer— 1 
















Return Address (MSB) 






5 


Stack Pointer -2 
















Index Register (LSB) 




12 


6 


Stack Pointer -3 
















Index Register (MSB) 




7 


Stack Pointer— 4 
















Accumulator A 






8 


Stack Pointer — 5 
















Accumulator B 






9 


Stack Pointer -6 
















Conditional Code Register 






10 


Vector Address FFFA 

















Address of SWI Routine (MSB) 






11 


Vector Address FFFB 

















Address of SWI Routine (LSB) 






12 


Address of SWI Routine 















5 


First Op Code of SWI Routine 


SLP 




1 


Op Code Address +1 

















Next Op Code 






2 

| 


FFFF 








1 










Restart Address (LSB) 




4 


Sleep 




























1 
3 


FFFF 


1 


1 


1 


1 


Restart Address (LSB) 






4 


Op Code Address + 1 


1 





1 





Next Op Code 



BCC 


BCS 




1 


Op Code Address + 1 


1 





1 


1 


Branch Offset 


BEQ 


BGE 


3 


2 


FFFF 


1 


1 


1 


1 


Restart Address (LSB) 


BGT 


BHI 




3 


J Branch Address Test=T 












First Op Code of Branch Routine 


BLE 


BLS 




1 Op Code Address+ 1 •Test="0" 






Next Op Code 


BLT 


BMT 


















BNE 


BPL 


















BRA 


BRN 


















BVC 


BVS 


















BSR 






1 
2 


Op Code Address + 1 
FFFF 


1 
1 




1 


1 
1 


1 
1 


Offset 

Restart Address (LSB) 






5 


3 


Stack Pointer 





1 





1 


Return Address (LSB) 








4 


Stack Pointer- 1 





1 





1 


Return Address (MSB) 








5 


Branch Address 


1 





1 





First Op Code of Subroutine 
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HD6301 Y0,HD63A01 YO, 

HD63B01Y0 

CMOS MCU (Microcomputer Unit) 



-ADVANCE INFORMATION- 



The HD6301Y0 is a CMOS 8-bit single-chip microcomputer 
unit which contains a CPU compatible with the CMOS 8-bit 
microcomputer HD6301V1, 16k bytes of ROM, 256 bytes of 
RAM, 53 parallel I/O pins, Serial Communication Interface 
(SCI) and two timers. 



FEATURES 

Instruction Set Compatible with the HD6301 Family 
Abundant On-chip Resources 

• 16k Bytes of ROM, 256 Bytes of RAM 

• 53 Parallel I/O Pins (48 I/O Pins, 5 Output Pins) 

• Handshake Interface (Port 6) 

• Darlington Transistor Direct Drive (Port 2, 6) 

• 16-bit Programmable Timer 
1 Input Capture Register 

1 Free Running Counter 

2 Output Compare Registers 

• 8-Bit Reloadable Timer 
1 8-bit Up Counter 

1 Time Constant Register 

• Serial Communication Interface 
Asynchronous Mode 

8 Transmit Formats 

Hardware Parity 
Clocked Synchronous Mode 
Interrupts — 3 External, 7 Internal 
CPU Functions 

• Memory Ready, Auto Memory Ready 

• Halt 

• Error Detection 

(Address Trap, Op-code Trap) 
Operation Mode 

• Mode 1; Expanded Mode 
(Internal ROM Inhibited) 

• Mode 2; Expanded Mode 
(Internal ROM Valid) 

• Mode 3; Single Chip Mode 
Up to 65k Bytes Address Space 
Low Power Dissipation Mode 

• Sleep 

• Standby (Hardware Set, Software Set) 
Wide Range of Operation 

V C c = 3to6V (f = 0.1 to 0.5 MHz) 

/f = 0.1 to 1.0 MHz; HD6301Y0 
Vcc = 5V± 10% (f = 0.1 to 1.5MHz;HD63A01Y0 
\f = 0.1 to 2.0MHz; HD63B01Y0, 
Minimum Instruction Cycle Time; 0.5 /us (f = 2.0 MHz) 



HD6301Y0P, HD63A01Y0P 
HD63B01Y0P 




(DP-64S) 



HD6301Y0F, HD63A01Y0F, 
HD63B01Y0F 




(FP-64) 
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HD6301Y0,HD63A01Y0,HD63B01Y0 



PIN ARRANGEMENT 

• HD6301Y0P, HO63A01Y0P, HD63B01Y0P 



• HD6301Y0F. HD63A01Y0F, HO63B01Y0F 




i b 



B0iiai@i0i0i0i0i0i0i0i0 




IsJffilHlffiffilSllHJlHjyiEJ 



(Top View) 



(Top View) 



■ BLOCK DIAGRAM 



Vcc- 
Vss- 



2 5 loc m \z l 



PzotTin )» 
P2i(Tout.)» 
P22(SCLK)» 
P«(Rx )• 
P24(Tx ) - 

P25(Tout2)» 
P26(T0Ut 3 ) • 

P27tTCLK)» 



PsortRO. )- 

P 5 l(iH52 )■ 
P 5 2( MR )■ 
PsafRATT) ■ 

P 5 4(IS ) - 

P 55 (05 ) - 

Ps« 

Ps' 



P«o 

P«T 

P« 

P«3 
P«4 
P«6 

Pes 
P«; 




fiiilill 



«ii 



5§ 



IE 



3F" 



75 



II 



► P70/RB 

► P71/WR 

► P72/R/W 

► P73/cm 

► P74/BA 

► Pao/Do 
-Psi/D, 

► P32/D2 

► P33/D3 

► P34/D4 
-P35/D5 
►P3./D, 
►P37/D, 

► P10/A0 
►P11/A, 
►P12/A2 
►Pl3/A 3 
►P14/A4 

-P.s/As 
"P.e/A 6 
►P17/A7 

-P40/A8 
►P4./A, 

"P42/A,0 
"P43/A,, 
>P44/A,2 

►P45/A13 

►P4e/Ai4 

►P47/A,!, 



RAM 
256Bytes 



ROM 



1 6kBytes 
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HD6303R,HD63A03R, 

HD63B03R 

CMOS MPU (Micro Processing Unit) 



The HD6303R is an 8-bit CMOS micro processing unit 
which has the completely compatible instruction set with the 
HD6301V1. 128 bytes RAM, Serial Communication Interface 
(SCI), parallel I/O ports and multi function timer are incorpora- 
ted in the HD6303R. It is bus compatible with HMCS6800 and 
can be expanded up to 65k words. Like the HMCS6800 family, 
I/O levels is TTL compatible with +5.0V single power supply. 
As the HD6303R is CMOS MPU, power dissipation is extremely 
low. And also HD6303R has Sleep Mode and Stand-by Mode 
as lower power dissipation mode. Therefore, flexible low power 
consumption application is possible. 

■ FEATURES 

• Object Code Upward Compatible with the HD6800, HD6801 , 
HD6802 

• Multiplexed Bus (Do~D 7 /Ao~A 7 ), Non Multiplexed Bus 

• Abundant On-Chip Functions Compatible with the 
HD6301V1; 128 Bytes RAM, 13 Parallel I/O Lines, 16-bit 
Timer, Serial Communication Interface (SCI) 

• Low Power Consumption Mode; Sleep Mode, Stand-By Mode 

• Minimum Instruction Execution Time 

1MS (f=1MHz),0.67/is (f=1.5MHz).0.5jUs (f=2.0MHz) 

• Bit Manipulation, Bit Test Instruction 

• Error Detecting Function; Address Trap, Op Code Trap 

• Up to 65k Words Address Space 

■ TYPE OF PRODUCTS 



Type No. 


Bus Timing 


HD6303R 


1.0 MHz 


HD63A03R 


1.5 MHz 


HD63B03R 


2.0 MHz 



HD6303RP, HD63A03RP, 
HD63B03RP 




(DP-40) 



HD6303RF, HD63A03RF, 
HD63B03RF 




(FP-54) 



HD6303RCG,HD63A03RCG, 
HD63B03RCG 



(CG-40) 
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HD6303R,HD63A03R,HD63B03R 



PIN ARRANGEMENT 

HD6303RP, HD63A03RP, 
HD63B03RP 




• HD6303RF, HD63A03RF, 
HD63B03RF 
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■ BLOCK DIAGRAM 



Do/Ao. 
D,/A,« 
O2/A2- 
D 3 /A 3 « 
4 /A 4 ' 
D 5 /A 5 - 
D 8 /As- 
Dj/At- 
R/W 
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Data 

Buffers 



Jilt,. 



iiinut 



CPU 



O mux 



2 8 ~- 

Aio«— 
An — 
A 12 — 

A 13 *— 

A15 »— 
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Buffers 



^ Address 



£ 



Mode 







SCI - 



=3 

to 
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1 



128x8 
RAM 
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-► Pi 1 /A , 
-♦P12/A2 
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-» P14/A* 
-*Pis/A 5 
■* Pie/Ae 
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■H D6303R,H D63A03R, H D63B03R 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 ~ +7.0 


V 


Input Voltage 


v in 


-0.3 ~ V cc +0.3 


V 


Operating Temperature 


T opr 


0~ +70 


°C 


Storage Temperature 


T«g 


-55 -+150 


°C 



(NOTE) This product has protection circuits in input terminal from high static electricity voltage and high electric field. 
But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection 
circuits. To assure the normal operation, we recommend Vj n , V out : Vss ^ (V j n or V out ) «£ Vcc- 

■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (V C c = 5.0V±10%, Vss = V, Ta = 0~+70°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 




RES, STBY 


V,H 




Vcc-0.5 


- 


Vcc 
+0.3 




Input "High" Voltage 


EXTAL 


V cc x0.7 


- 


V 




Other Inputs 


2.0 


- 




Input "Low" Voltage 


All Inputs 


V,L 




-0.3 


- 


0.8 


V 


Input Leakage Current 


NMl, IRQi, RES, STBY 


Hinl 


V in =0.5~V cc -0.5V 


- 


- 


1.0 


pA 


Three State (off -state) 
Leakage Current 


PlO~Pl7» P20~P24. 

D ~D 7 , A 8 ~Ai 5 


HtsiI 


V in =0.5~V CC -0.5V 


- 


- 


1.0 


HA 


Output "High" Voltage 


All Outputs 


Vqh 


I oh = -200a(A 


2.4 


- 


- 


V 


Ioh =-10jLlA 


V C c-0.7 


- 


- 


V 


Output "Low" Voltage 


All Outputs 


Vol 


l OL = 1.6mA 


- 


- 


0.55 


V 


Input Capacitance 


All Inputs 


C in 


V in =0V,f= 1.0MHz, 
Ta = 25° C 


- 


- 


12.5 


pF 


Standby Current 


Non Operation 


'cc 




- 


2.0 


15.0 


MA 


Current Dissipation* 




'cc 


Operating(f=1MHz**) 


- 


6.0 


10.0 


mA 


Sleeping (f=1 MHz**) 


- 


1.0 


2.0 


RAM Stand-By Voltage 




Vram 




2.0 


- 


- 


V 



* V IH min = V CC -1.0V, V| L max = 0.8V 
** Current Dissipation of the operating or sleeping condition is proportional to the operating frequency. So the typ. or max. 
values about Current Dissipations at f = x MHz operation are decided according to the following formula; 

typ. value (f = x MHz) = typ. value (f = 1MHz)x* 
max. value (f = *MHz) = max. value (f = 1MHz) xx 

(both the sleeping and operating) 
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• AC CHARACTERISTICS (V CC = 5.0V±10%, Vss = OV, Ta = 0~+70°C, unless otherwise noted.) 
BUS TIMING 









Symbol 


Test 
Con- 
dition 


HD6303R 


HD63A03R 


HD63B03R 


Unit 




min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


Cycle Time 


t C y C 


Fig. 1 
Fig. 2 


1 


- 


10 


0.666 


- 


10 


0.5 


— 


10 


Ms 


Address Strobe Pulse Width 
"High" 


PW A sh 


220 


- 


- 


150 


- 


- 


110 


- 


- 


ns 


Address Strobe Rise Time 


*ASr 


- 


- 


20 


- 


- 


20 


- 


- 


20 


ns 


Address Strobe Fall Time 


*ASf 


- 


- 


20 


- 


- 


20 


- 


- 


20 


ns 


Address Strobe Delay Time 


*ASD 


60 


- 


- 


40 


- 


- 


20 


- 


- 


ns 


Enable Rise Time 


t E r 


- 


- 


20 


- 


- 


20 


- 


— 


20 


ns 


Enable Fall Time 


t E f 


- 


- 


20 


- 


- 


20 


- 


— 


20 


ns 


Enable Pulse Width "High" Level 


PW EH 


450 


- 


- 


300 


- 


- 


220 


— 


- 


ns 


Enable Pulse Width "Low" Level 


PW EL 


450 


- 


- 


300 


- 


- 


220 


- 


- 


ns 


Address Strobe to Enable Delay 
Time 


*ASED 


60 


- 


- 


40 


- 


- 


20 


- 


- 


ns 


Address Delay Time 


t AD1 


- 


- 


250 


- 


- 


190 


- 


- 


160 


ns 


t AD2 


- 


- 


250 


- 


- 


190 


- 


— 


160 


ns 


Address Delay Time for Latch 


l ADL 


- 


- 


250 


- 


- 


190 


- 


- 


160 


ns 


Data Set-up Time 


Write 


*DSW 


230 


- 


- 


150 


- 


- 


100 


- 


- 


ns 


Read 


tDSR 


80 


- 


- 


60 


- 


- 


50 


- 


- 


ns 


Data Hold Time 


Read 


t|HR 





- 


- 





- 


- 





- 


- 


ns 


Write 


*MW 


20 


- 


- 


20 


- 


- 


20 


- 


- 


ns 


Address Set-up Time for Latch 


tASL 


60 


- 


- 


40 


- 


- 


20 


- 


- 


ns 


Address Hold Time for Latch 


'ahl 


30 


- 


- 


20 


- 


- 


20 


- 


- 


ns 


Address Hold Time 


*AH 


20 


- 


- 


20 


- 


- 


20 


- 


- 


ns 


A ~ A 7 Set-up Time Before E 


^ASM 


200 


- 


- 


110 


- 


- 


60 


- 


- 


ns 


Peripheral Read 
Access Time 


Non-Multiplexed 
Bus 


(*ACCN ' 


- 


- 


650 


- 


- 


395 


- 


- 


270 


ns 


Multiplexed Bus 


^accm) 


- 


- 


650 


- 


- 


395 


- 


- 


270 


ns 


Oscillator stabilization Time 


*RC 


Fig. 8 
Fig. 9 


20 


- 


- 


20 


- 


- 


20 


- 


- 


ms 


Processor Control Set-up Time 


tpcs 


200 


- 


- 


200 


- 


- 


200 


- 


- 


ns 



PERIPHERAL PORT TIMING 









Symbol 


Test 
Con- 
dition 


HD6303R 


HD63A03R 


HD63B03R 


Unit 




min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


Peripheral Data 
Set-up Time 


Port 1,2 


tPDSU 


Fig. 3 


200 


- 


- 


200 


- 


- 


200 


- 


- 


ns 


Peripheral Data 
Hold Time 


Port 1,2 


tpoH 


Fig. 3 


200 


- 


- 


200 


- 


- 


200 


- 


- 


ns 


Delay Time, Enable Nega- 
tive Transition to Peri- 
pheral Data Valid 


Port 1, 
2* 


tpwD 


Fig. 4 


- 


- 


300 


- 


- 


300 


- 


- 


300 


ns 



Except Pai 
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TIMER. SCI TIMING 



Item 


Symbol 


Test 
Con- 
dition 


HD6303R 


HD63A03R 


HD63B03R 


Unit 


min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


Timer Input Pulse Width 


tpWT 




2.0 


- 


- 


2.0 


- 


- 


2.0 


- 


- 


t c y c 


Delay Time, Enable Positive 
Transition to Timer Out 


t-roD 


Fig. 5 


- 


- 


400 


- 


- 


400 


- 


- 


400 


ns 


SCI Input Clock Cycle 


*Scyc 




2.0 


- 


- 


2.0 


- 


- 


2.0 


- 


- 


t c y c 


SCI Input Clock Pulse Width 


tpWSCK 




0.4 


- 


0.6 


0.4 


- 


0.6 


0.4 


- 


0.6 


*Scyc 


MODE PROGRAMMING 


Item 


Symbol 


Test 
Con- 
dition 


HD6303R 


HD63A03R 


HD63B03R 


Unit 


min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


RES "Low" Pulse Width 


PWrstl 


Fig. 6 


3 


- 


- 


3 


- 


- 


3 


- 


- 


'eye 


Mode Programming Set-up Time 


tMPS 


2 


- 


- 


2 


- 


- 


2 


- 


- 


tcyc 


Mode Programming Hold Time 


Wh 


150 


- 


- 


150 


- 


- 


150 


- 


- 


ns 



Address Strobe 
(AS) 



Enable 
(E) 



R/W, A,~A„ 



MPU Write 
D < ,~D,,A ~A, 



MPU Read 
D„~D,. A ~A, 




I'accm' 

Figure 1 Multiplexed Bus Timing 



Not Valid 
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Figure 2 Non-Multiplexed Bus Timing 

MPU Write 



E23 Not Valid 



p ~ P 
Inputs 



2.4 V j £ 

o.8v y 

F=3i — 1 



"V2.4V 

Vo.8 






Figure 3 Port Data Set-up and Hold Times 
(MPU Read) 



r 



\ r 



All Data 
Port Outputs 



XT 



Note) Port 2: Except P, , 

Figure 4 Port Data Delay Times 
(MPU Write) 



• / 


\ ; 


C5 ^V_ 


/ 


RES 










Timer 


V Out 

— *~l 


put Compare \/ 
Matched /\ 




Mode Inputs 
IPao . P21 . Pza 


p,, 

Output 


Vf 2.4V 
A 8V 







ij-OJJV 0.8V J fc 



'RSTL - 

1 'MPS - * 



2.0V 3 ^ a r 

— -— C Data Valid > 

0.8V 3 ^ f c 



Figure 5 Timer Output Timing 



Figure 6 Mode Programming Timing 
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Test Point O — f — f — \+— " 



ci:<R 



(4.0kfl forE) 



1S2074Q 

or Equiv. 



C = 90pF for AS, R/W, D /A ~ D,/A 7 , and A, ~ A 15 
= 30pF for Pjo ~ P 2 4 and Ao/P.o ~ A7/P17 
= 40pF for E 

R = 12kQ 



Figure 7 Bus Timing Test Loads (TTL Load) 



Xy y y y y y y y y V V V V V* 

* * * a a A * * a AAA A A 



Op Code Op Code FFFF SP SP -1 SP 2 SP 3 SP 4 SP S SP-6 Vector Vector New PC 

Address Address +1 MSB LSB Address 

Address Address 



DCDC 



yv * * — * — * — * — * — x — *~^C~X 

de Operand Irrelevant pco PCS 1X0- 1X8- ACCA ACCB CCR Vector Vector fii 
SpCode ri a , a ,V PC 15 i«7 ,v, c -MSB LSB Jnl 



Op Code Operand Irrelevant pco - PCS 1X0- 1X8- ACCA ACCB CCR vector Vector First Inst of 

*p Code p.,, ? p ^ 7 PC15 , X 7 | X 15 MSB LSB Interrupt Routin e 



Figure 8 Interrupt Sequence 



*TJTJi H rui4iJiJxrij~Lri-r u ' — ^»_n_n_n 



^ 



v C c 



r-n 

—* v cc -o.sv 



"ES t( - 



"j" v CC-0 5V 



'PCS -J 

^1 



t— «RC- 

L — ,s— 

TVcc-0! 

■4V——' 



\_A X X Xi X r" 1 *" 

"" "FE FFFF New PC 

J »— A \ t >- 




Figure 9 Reset Timing 



■ FUNCTIONAL PIN DESCRIPTION 

• v cc .v ss 

These two pins are used for power supply and GND. 
Recommended power supply voltage is 5 V ± 1 0%. 3 to 6V can 
be used for low speed operation (100 ~ 500 kHz). 

• XTAL, EXTAL 

These two pins are connected with parallel resonant funda- 



mental crystal, AT cut. For instance, in order to obtain the 
system clock 1MHz, a 4MHz resonant fundamental crystal is 
used because the devide by 4 circuitry is included. EXTAL 
accepts an external clock input of duty 50% (±10%) to drive. 
For external driving XTAL pin should be open. An exam- 
ple of connection circuit is shown in Fig. 10. The crystal and 
capacitors should be mounted as close as possible to the pins. 
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AT Cut Parallel Resonance Crystal 
Cq = 7 pF max 



R, = 60 n max 



XTAL 



EXTAL 



CZI 



1 



C L1 * C L2 -10~22pF ± 20% 
<3.2~8MHz) 



XL 

(a) Crystal Interface 



EXTAL 



-< External Clock 



(b) External Clock 
Figure 10 Connection Circuit 



• Standby (STBY) 

This pin is used to place the MPU in the standby mode. 
If this goes to "Low" level, the oscillation stops, the internal 
clock is tied to Vss or Vcc and the MPU is reset. In order to 
retain information in RAM during standby, write "0" into RAM 
enable bit (RAME). RAME is bit 6 of the RAM Control Register 
at address $0014. This disables the RAM, so the contents of 
RAM is guaranteed. For details of the standby mode, see the 
Standby section. 

• Reset (RES) 

This input is used to reset the MPU. RES must be held 
"Low" for at least 20ms when the power starts up. It should be 
noted that, before clock generator stabilize, the internal state 
and I/O ports are uncertain, because MPU can not be reset 
without clock. To reset the MPU during system operation, it 
must be held "Low" for at least 3 system clock cycles. From 
the third cycle, all address buses beco me "h igh-impedance" 
and it continues while RES is "Low". If RES goes to "High", 
CPU does the following. 

(1) I/O Port 2 bits 2,1 ,0 are latched into bits PC2, PCI , PC0 of 
program control register. 

(2) The contents of the two Start Addresses, $FFFE, SFFFF 
are brought to the program counter, from which program 
starts (see Table 1). 

(3) The interrupt mask bit is set. In order to have the CPU 
recognize the maskable interrupts IRQ, and IRQ 2 , clear it 
before those are used. 

• Enable (E) 

This output pin supplies system clock. Output is a single- 
phase, TTL compatible and 1/4 the crystal oscillation frequen- 
cy. It will drive two LS TTL load and 40pF. 

• Non Maskable Interrupt (NMI) 

When the falling edge of the input signal of this pin is re- 
cognized, NMI sequence starts. The current instruction is con- 
tinued to complete, even if NMI signal is detected. Interrupt 
mask bit in Condition Code Register has no effect on NMI 
detection. In response to NMI interrupt, the information of 



Program Counter, Index Register, Accumulators, and Condition 
Code Register are stored on the stack. On completion of this 
sequence, vectoring address SFFFC and SFFFD are generated 
to load the contents to the program counter. Then the CPU 
branch to a non maskable interrupt service routine. 

• Interrupt Request (IRQi ) 

This level sensitive input requests a maskable interrupt 
sequence. When IKQi goes to "Low", the CPU waits until it 
completes the current instruction that is being executed. Then, 
if the interrupt mask bit in Condition Code Register is not set, 
CPU begins interrupt sequence; otherwise, interrupt request 
is neglected. 

Once the sequence has started, the information of Program 
Counter, Index Register, Accumulator, Condition Code Register 
are stored on the stack. Then the CPU sets the interrupt mask 
bit so that no further maskable interrupts may be responded. 

Table 1 Interrupt Vectoring memory map 



Highest 
Priority 



Vector 




MSB 


LSB 




FFFE 


FFFF 


RES 


FFEE 


FFEF 


TRAP 


FFFC 


FFFO 


fjsn 


FFFA 


FFFB 


Software Interrupt (SWI) 


FFF8 


FFF9 


IRQ, (orlS3) 


FFF6 


FFF7 


ICF (Timtr Input Capture) 


FFF4 


FFF5 


OCF (Timor Output Compart) 


FFF2 


FFF3 


TOF (Timtr Ovtrflowl 


FFF0 


FFF1 


SCI (RDRF*ORFE + TDRE> 



Lowest 
Priority 

At the end of the cycle, the CPU generates 16 bit vectoring 
addresses indicating memory addresses $FFF8 and $FFF9, and 
loads the contents to the Program Counter, then branch to an 
interrupt service routine. 

The Internal I nterru pt will generate signal (IRQ 2 ) which is 
quite the same as IRQ! except that it will use the vector address 
SFFF0 to SFFF7. 

When IRQ, and IRQ 2 are generated at the same time, the 
former precede the latter. Interrupt Mask Bit in the condition 
code register, if being set, will keep the both interrupts off. 

On occurrence of Address error or Op-code error, TRAP 
interrupt is invoked. This interrupt has priority next to RES. 
Regardless of the interrupt Mask Bit condition, the CPU will 
start an interrupt sequence. The vector for this interrupt will be 
$FFEE, SFFEF. 

• Read/Write (R/W) 

This TTL compatible output signal indicates peripheral and 
memory devices whether CPU is in Read ("High"), or in Write 
("Low"). The normal stand-by state is Read ("High"). Its 
output will drive one TTL load and 90pF . 

• Address Strobe (AS) 

In the multiplexed mode, address strobe signal appears at this 
pin. It is used to latch the lower 8 bits addresses multiplexed 
with data at Do/Ao ~ D7/A7. The 8-bit latch is controlled by 
address strobe as shown in Figure 15. Thereby, Do/Ao ~ D7/A7 
can become data bus during E pulse. The timing chart of this 
signal is shown in Figure 1. 

Address Strobe (AS) is sent out even if the internal address 
is accessed. 
■ PORTS 

There are two I/O ports on HD6303R MPU (one 8-bit ports 
and one 5 -bit port). Each port has an independent write-only 
data direction register to program individual I/O pins for 
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input or output.* 

When the bit of associated Data Direction Register is "1", 
I/O pin is programmed for output, if "0", then programmed for 
an input. 

There are two ports : Port 1, Port 2. Addresses of each 
port and associated Data Direction Register are shown in 
Table 2. 
* Only one exception is bit 1 of Port 2 which becomes either a 

data input or a timer output. It cannot be used as an output 

port. 

Table 2 Port and Data Direction Register Addresses 



Ports 


Port Address 


Data Direction 
Register Address 


I/O Port 1 
I/O Port 2 


$0002 
$0003 


$0000 
$0001 



• I/O Port 1 

This is an 8-bit port, each bit being defined individually as 
input or outputs by associated Data Direction Register. The 
8-bit output buffers have three-state capability, maintaining in 
high impedance state when they are used for input. In order to 
be read accurately, the voltage on the input lines must be more 
than 2.0V for logic "1" and less than 0.8V for logic "0". 

These are TTL compatible. After the MPU has been reset, all 
I/O lines are configured as inputs in Multiplexed mode. In Non 
Multiplexed mode, Port 1 will be output line for lower order 
address lines (Ao ~ A7), which can drive one TTL load and 
30 pF. 

• I/O Port 2 

This port has five lines, whose I/O direction depends on its 
data direction register. The 5-bit output buffers have three-state 
capability, going high impedance state when used as inputs. In 
order to be read accurately, the voltage on the input lines must 
be more than 2.0V for logic "1" and less than 0.8V for logic 
"0". After the MPU has been reset, I/O lines are configured as 
inputs. These pins on Port 2 (P20 ~ P22 of the chip) are used 
to program the mode of operation during reset. The values of 
these three pins during reset are latched into the upper 3 bits 
(bit 7, 6 and 5) of Port 2 Data Register which is explained in 
the MODE SELECTION section. 

In all modes, Port 2 can be configured as I/O lines. This port 
also provides access to the Serial I/O and the Timer. However, 
note that bit 1 (P 2 , ) is the only pin restricted to data input or 
Timer output. 

■ BUS 

• D o /A ~ D 7 /A 7 

This TTL compatible three-state buffer can drive one TTL 
load and 90 pF. 



90 pF. After reset, these pins become output for upper order 
address lines (As ~ Ais). 

■ MODE SELECTION 

The operation mode after the rest must be determined by the 
user wiring the P20, P21 , and P22 externally. These three pins are 
lower order bits; I/O 0, I/O 1,1/0 2 of Port 2. They are latched 
into the control bits PC0, PCI, PC2 of I/O Port 2 register when 
RES goes "High". I/O Port 2 Register is shown below. 



Port 2 DATA REGISTER 

6 S 4 3 2 



$0003 PC2 PCI PCO I/O 4 I/O 3 I/O 2 I/0 1 I/O 



An example of external hardware used for Mode Selection 
is shown in Figure 11. The HD14053B is used to separate the 
peripheral device from the MPU during reset. It is necessary if 
the data may conflict between peripheral device and Mode 
generation circuit. 

No mode can be changed through software because the bits 
5, 6, and 7 of Port 2 Data Register are read-only. The mode 
selection of the HD6303R is shown in Table 3. 

The HD6303R operates in two basic modes: (1) Multiplexed 
Mode, (2) Non Multiplexed Mode. 

• Multiplexed Mode 

The data bus and the lower order address bus are multiplexed 
in the Do/Ao ~ D7/A7 and can be separated by the Address 
Strobe. 

Port 2 is configured for 5 parallel I/O or Serial I/O, or Timer, 
or any combination thereof. Port 1 is configured for 8 parallel 
I/O. 

• Non Multiplexed Mode 

In this mode, the HD6303R can directly address HMCS6800 
peripherals with no external logic. Do/Ao ~ D7/A7 become a 
data bus and Port 1 becomes Ao ~ A7 address bus. 

In this mode, the HD6303R is expandable up to 65k words 
with no external logic. 

• Lower Order Address Bus Latch 

Because the data bus is multiplexed with the lower order 
address bus in Do/Ao~D7/A7 in the multiplexed mode, address 
bits must be latched. It requires the 74LS373 Transparent octal 
D-type to latch the LSB. Latch connection of the HD6303R 
is shown in Figure 15. 



Non Multiplexed Mode 

In this mode, these pins become only data bus (Do ~ D7). 
Multiplexed Mode 

These pins becomes both the data bus (D ~ D 7 ) and lower 
bits of the address bus (A ~ A 7 ). An address strobe output is 

"High" when the address is on the pins. 

• A 8 ~A IS 

Each line is TTL compatible and can drive one TTL load and 
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v C c 




P io ■»-* 



P,, ■*-> 



I 1 



m 



i v 

u 



rr 



Mode 

Control 

Switch 



J 



HD6303F 

P ]0 (PCO) 
P,, (PCD 
P„ IPC2) 



Note 1) Figure of Multiplexed Mode 

2) RC^Reset Constant 

3) R,=10kn 



777" 



Figure 1 1 Recommended Circuit for Mode Selection 
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Figure 12 HD14053B Multiplexers/De-Multiplexers 
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Figure 13 HD6303R MPU Multiplexed Mode Figure 14 HD6303R MPU Non Multiplexed Mode 
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Address: A ~A, 



Function Table 



Output 
Control 

(OC) 


Enable 
G 


Output 



L 


H H 


H 


L 


H L 


L 


L 


L X 


Q, 


H 


X X 


2 



Figure 15 Latch Connection 



Table 3 Mode Selection 



Table 4 Internal Register Area 



Operating Mode 


P 2 o 


Pi! 


P 22 


Multiplexed Mode 


L 


H 


L 


L 


L 


H 


Non Multiplexed Mode 


H 


L 


L 



L : logic "0" 
H: logic "1" 

■ MEMORY MAP 

The MPU can provide up to 65k byte address space. Figure 
16 shows a memory map for each operating mode. The first 32 
locations of each map are for the CPU's internal register only, 
as shown in Table 4. 



Register 


Address 


Port 1 Data Direction Register** 


00* 


Port 2 Data Direction Register** 


01 


Port 1 Data Register 


02* 


Port 2 Data Register 


03 


Timer Control and Status Register 


08 


Counter (High Byte) 


09 


Counter (Low Byte) 


OA 


Output Compare Register (High Byte) 


OB 


Output Compare Register (Low Byte) 


OC 


Input Capture Register (High Byte) 


OD 


Input Capture Register (Low Byte) 


OE 


Rate and Mode Control Register 


10 


Transmit/Receive Control and Status Register 


11 


Receive Data Register 


12 


Transmit Data Register 


13 


RAM Control Register 


14 


Reserved 


15-1 F 



External address in Non Multiplexed Mode 
1 = Output, = Input 



Non- Multiplexed 
$0000 




a> Registers 

nal Memory Space 



I Memory Space 



[NOTE] 

Excludes the following addresses which may be 
used externally; $00, $02. 




Internal Registers 
External Memory Space 
Internal RAM 



External Memocy Space 



Figure 16 HO6303R Memory Maps 
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■ PROGRAMMABLE TIMER 

The HD6303R contains 16-bit programmable timer which 
may be used to make measurement of input waveform. In 
addition to that it can generate an output waveform by itself. 
For both input and output waveform, the pulse width may vary 
from a few microseconds to several seconds. 
The timer hardware consists of 

• an 8-bit control and status register 

• a 16-bit free running counter 

• a 16-bit output compare register, and 

• a 16-bit input capture register 

A block diagram of the timer is shown in Figure 17. 



$09 Writ* I $0A Write 

' i5A) T <") ^ 






Input 


Ltvel 


tdg« 


Bit 1 


e.io 


Port 2 


Port? 



Figure 17 Programmable Timer Block Diagram 

* Free Running Counter ($0009: $000 A) 

The key element in the programmable timer is a 16-bit free 
running counter, that is driven by an E (Enable) clock to 
increment its values. The counter value will be read out by the 
CPU software at any time with no effects on the counter. 
Reset will clear the counter. 

When the MSB of this counter is read, the LSB is stored 
in temporary latch. The data is fetched from this latch by the 
subsequent read of LSB. Thus consistent double byte data can 
be read from the counter. 

When the CPU writes arbitrary data to the MSB ($09), the 
value of SFFF8 is being pre-set to the counter ($09, $0A) 
regardless of the write data value. Then the CPU writes arbi- 
trary data to the LSB ($0A), the data is set to the "Low" byte 
of the counter, at the same time, the data preceedingly written 
in the MSB ($09) is set to "High" byte of the counter. 

When the data is written to this counter, a double byte 
store instruction (ex. STD) must be used. If only the MSB of 
counter is written, the counter is set to $FFF8. 

The counter value written to the counter using the double 
byte store instruction is shown in Figure 18. 

To write to the counter can disturb serial operations, so it 
should be inhibited during using the SCI. If external clock 
mode is used for SCI, this will not disturb serial operations. 




(5AF3 written to the counter) 
Figure 18 Counter Write Timing 

• Output Compare Register ($000B:$000C) 

This is a 16-bit read/write register which is used to control an 
output waveform. The contents of this register are constantly 
being compared with current value of the free running counter. 

When the contents match with the value of the free running 
counter, a flag (OCF) in the timer control/status register 
(TCSR) is set and the current value of an output level Bit 
(OLVL) in the TCSR is transferred to Port 2 bit 1. When bit 1 
of the Port 2 data direction register is "1" (output), the OLVL 
value will appear on the bit 1 of Port 2. Then, the value of Out- 
put Compare Register and Output level bit may be changed 
for the next compare. 

The output compare register is set to $FFFF during reset. 

The compare function is inhibited at the cycle of writing to 
the high byte of the output compare register and at the cycle 
just after that to ensure valid compare. It is also inhibited in 
same manner at writing to the free running counter. 

In order to write a data to Output Compare Register, a 
double byte store instruction (ex. STD) must be used. 

• Input Capture Register ($000 D: $000E) 

The input capture register is a 16-bit read-only register used 
to hold the current value of free running counter captured when 
the proper transition of an external input signal occurs. 

The input transition change required to trigger the counter 
transfer is controlled by the input edge bit (IEDG). 

To allow the external input signal to go in the edge detect 
unit, the bit of the Data Direction Register corresponding to bit 
of Port 2 must have been cleared (to zero). 

To insure input capture in all cases, the width of an input 
pulse requires at least 2 Enable cycles. 

• Timer Control/Status Register (TCSR) ($0008) 

This is an 8-bit register. All 8-bits are readable and the lower 
5 bits may be written. The upper 3 bits are read-only, indicating 
the timer status information as is shown below. 

(1) A proper transition has been detected on the input pin 
(ICF). 

(2) A match has been found between the value in the free 
running counter and the output compare register (OCF). 

(3) When counting up to $0000 (TOF). 

Each flag has an individual enable bit in TCSR which 
determ ines whether or not an interrupt request may occur 
(IRQ2). If the I-bit in Condition Code Register has been 
cleared, a priority vectored address occurs corresponding 
to each flag. A description of each bit is as follows. 

Timer Control / Status Register 



EOCI I ETOII IEDG OLVL $0008 



Bit 



OLVL (Output Level); When a match is found in the 
value between the counter and the output com- 
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pare register, this bit is transferred to the Port 2 
bit 1. If the DDR corresponding to Port 2 bit 1 is 
set "1", the value will appear on the output pin of 
Port 2 bit 1. 

Bit 1 IEDG (input Edge): This bit control which transition 
of an input of Port 2 bit will trigger the data 
transfer from the counter to the input capture 
register. The DDR corresponding to Port 2 bit 
must be clear in advance of using this function. 
When IEDG = 0, trigger takes place on a negative 
edge ("High'-to-"Low" transition). When IEDG = 
1, trigger takes place on a positive edge ("Low"-to- 
"High" transition). 

Bit 2 ETOI (Enable Timer Overflow Interrupt); When set, 
this bit enables TOF interrupt to generate the 
interrupt request (IRQ2). When cleared, the inter- 
rupt is inhibited. 

Bit 3 EOCI (Enable Output Compare Interrupt); When set, 
this bit enables OCF interrupt to generate the 
interrupt request (IRQ2 ). When cleared, the inter- 
rupt is inhibited. 

Bit 4 EICI (Enable Input Capture Interrupt); When set, this 
bit enable s ICF interrupt to generate the interrupt 
request (IRQ2). When cleared, the interrupt is 
inhibited. 

Bit 5 TOF (Timer Over Flow Flag); This read-only bit is set 
at the transition of SFFFF to S0000 of the 
counter. It is cleared by CPU read of TCSR (with 
TOF set) followed by a CPU read of the counter 
($0009). 

Bit 6 OCF (Output Compare Flag); This read-only bit is set 
when a match is found in the value between the 
output compare register and the counter. It is 
cleared by a read of TCSR (with OCF set) fol- 
lowed by a CPU write to the output compare re- 
gister (S000B or S000C). 

Bit 7 ICF (Input Capture Flag); The read-only bit is set by a 

proper transition on the input, and is cleared by 

a read of TCSR (with ICF set) followed by a 

CPU read of Input Capture Register (S000D). 

Reset will clear each bit of Timer Control and Status 

Register. 

■ SERIAL COMMUNICATION INTERFACE 

The HD6303R contains a full-duplex asynchronous Serial 
Communication Interface (SCI). SCI may select the several 
kinds of the data rate. It consists of a transmitter and a receiver 
which operate independently but with the same data format 
and the same data rate. Both of transmitter and receiver com- 
municate with the CPU via the data bus and with the outside 
world through Port 2 bit 2, 3 and 4. Description of hardware, 
software and register is as follows. 

• Wake-Up Feature 

In typical multiprocessor applications the software protocol 
will usually have the designated address at the initial byte of the 
message. The purpose of Wake-Up feature is to have the non- 
selected MPU neglect the remainder of the message. Thus 
the non-selected MPU can inhibit the all further interrupt 
process until the next message begins. 

Wake-Up feature is re-enabled by a ten consecutive "l"s 
which indicates an idle transmit line. Therefore software pro- 
tocol must put an idle period between the messages and must 
prevent it within the message. 



With this hardware feature, the non-selected MPU is re- 
enabled (or "waked-up") by the next message. 

• Programmable Options 

The HD6303R has the following programmable features. 

• data format; standard mark/space (NRZ) 

• clock source; external or internal 

• baud rate; one of 4 rates per given E clock frequency or 

1/8 of external clock 

• wake-up feature; enabled or disabled 

• interrupt requests; enabled or masked individually for 

transmitter and receiver 

• clock output; internal clock enabled or disabled to Port 

2 bit 2 
•Port 2 (bits 3, 4); dedicated or not dedicated to serial 
I/O individually 

• Serial Communication Hardware 

The serial communications hardware is controlled by 4 
registers as shown in Figure 19. The registers include: 

• an 8-bit control/status register 

• a 4-bit rate/mode control register (write-only) 

• an 8-bit read-only receive data register 

• an 8-bit write-only transmit data register 

Besides these 4 registers, Serial I/O utilizes Port 2 bit 3 
(input) and bit 4 (output). Port 2 bit 2 can be used when an 
option is selected for the internal-clock-out or the external- 
clock-in. 

• Transmit/Receive Control Status Register (TRCSR) 

TRCS Register consists of 8 bits which all may be read while 
only bits to 4 may be written. The register is initialized to $20 
on RES. The bits of the TRCS Register are explained below. 

Transmit / Receive Control Status Register 
7 6 5 4 3 2 10 



RDRF ORFE TORE RIE 



WU lAOOR 

'soon 



Bit WU (Wake Up); Set by software and cleared by hardware 
on receipt often consecutive "l"s. While this bit 
is "1", RDRF and ORFE flags are not set even 
if data are received or errors are detected. There- 
fore received data are ignored. It should be noted 
that RE flag must have already been set in advance 
ofWU flag's set. 

Bit 1 TE (Transmit Enable); This bit enables transmitter. When 
this bit is set, bit 4 of Port 2 DDR is also forced 
to be set. It remains set even if TE is cleared. 
Preamble of ten consecutive "l"s is transmitted 
just after this bit is set, and then transmitter 
becomes ready to send data. If this bit is cleared, 
the transmitter is disabled and serial I/O affects 
nothing on Port 2 bit 4. 

Bit 2 TIE (Transmit Interrupt Enable ); Wh en this bit is set, 
TDRE (bit 5) causes an IRQ2 interrupt. When 
cleared, TDRE interrupt is masked. 

Bit 3 RE (Receive Enable); When set, Port 2 bit 3 can be used 
as an input of receive regardless of DDR value for 
this bit. When cleared, the receiver is disabled. 

Bit 4 RIE (Receive Interrupt Enable); When this bit i s set, 
RDRF (bit 7) or ORFE (bit 6) cause an TRTJI 
interrupt. When cleared, this interrupt is masked. 
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Bit 5 TDRE (Transmit Data Register Empty); When the data 
is transferred from the Transmit Data Register 
to Output Shift Register, this bit is set by hard- 
ware. The bit is cleared by reading the status re- 
gister followed by writing the next new data into 
the Tra nsmi t Data Register. TDRE is initialized 
to 1 by RES. 

Bit 6 ORFE (Over Run Framing Error); When overrun or 
framing error occurs (receive only), this bit is set 
by hardware. Over Run Error occurs if the attempt 
is made to transfer the new byte to the receive 
data register while the RDRF is "1". Framing 
Error occurs when the bit counter is not synchro- 
nized with the boundary of the byte in the re- 



ceiving bit stream. When Framing Error is de- 
tected, RDRF is not set. Therefore Framing Error 
can be distinguished from Overrun Error. That is, 
if ORFE is "1" and RDRF is "1", Overrun Error 
is detected. Otherwise Framing Error occurs. 
The bit is cleared by reading the status register 
followed by reading the receive data register, or 
by RES". 
Bit 7 RDRF (Receive Data Register Full); This bit is set by 
hardware when the data is transferred from the 
receive shift register to the receive data register. 
It is cleared by reading the status register followed 
by reading the receive data register, or by RES. 



Bit 7 Rale and Mode Control Register Bit Q 









CC1 


ceo 


SSI 


SSO 


$10 






Transmit/Receive Control and Status Register 








RDRF 


ORFE 


TORE 


RIE 


RE 


TIE 


TE 


wu 


$11 






Receive Data Register 






















$12 


Pon ? 






^| (Not Addressable 




R> 
Bit 
3 




11 


Receive Shift Register 












n 
















Clock 
Bit 
2 




'° J 


Bit Rate 
' Generator 






* 
















1 


Not Addressable 






Transmit Shift Register 










Tx 
Bit 

4 




1? 


# 








■ 








1 










$13 



Transmit Data Register 

Figure 19 Serial I/O Register 



7 


6 


5 


4 


3 


2 


1 





X 


X 


X 


X 


CC1 


CCO 


SS1 


SSO 



ADDR : $0010 



Transfer Rate / Mode Control Register 



Table 5 SCI Bit Times and Transfer Rates 





SSO 


XTAL 


2.4576 MHz 


4.0 MHz 


4 9152MHz 


SSI 


E 


614.4 kHz 


1.0 MHz 


1 2288MHz 








E- 16 


26 /Js/38.400 Baud 


16 us/62,500 Baud 


13 „s/76.800Baud 





1 


E-M28 


208ms/4,800 Baud 


128 us/781 2.5 Baud 


104.2*$/ 9.600Baud 


1 





E H- 1024 


1 .67ms/600 Baud 


1.024rm/976.6Baud 


833. 3«s/ 1.20OBaud 


1 


1 


E + 4096 


6.67m$/150 Baud 


4.096ms/244.1 Baud 


3 333m$/ 300Baud 
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Table 6 SCI Format and Clock Source Control 



CC1 


ceo 


Format 


Clock Source 


Port 2 Bit 2 


Port 2 Bit 3 


Port 2 Bit 4 








- 


~ 


- 


- 


- 





1 


NRZ 


Internal 


Not Used*** 


•• 


•• 


1 





NRZ 


Internal 


Output* 


•• 


• • 


1 


1 


NRZ 


External 


Input 


•• 


•• 



* Clock output is available regardless of values for bits RE and TE. 
•• Bit 3 is used for serial input if RE = "1" in TRCS. 
Bit 4 is used for serial output if TE = "1" in TRCS. 

*** This pin can be used as I/O port. 

• Transfer Rate/Mode Control Register (RMCR) 

The register controls the following serial I/O functions: 

• Bauds rate -data format • clock source 

•Port 2 bit 2 feature 

It is 4-bit write-only register, cleared by RES. The 4 bits are 

considered as a pair of 2-bit fields. The lower 2 bits control the 
bit rate of internal clock while the upper 2 bits control the 
format and the clock select logic. 

BiUSS?} S P eedSelect 
These bits select the Baud rate for the internal clock. The 
rates selectable are function of E clock frequency of the CPU. 
Table 5 lists the available Baud Rates. 

? t2 ,S!?. ) Clock Control/Format Select 
Bit 3 CCll 

They control the data format and the clock select logic. 

Table 6 defines the bit field. 

• Internally Generated Clock 

If the user wish to use externally an internal clock of the 
serial I/O, the following requirements should be noted. 
•CC1, CCO must be set to "10". 
•The maximum clock rate must be E/16. 
•The clock rate is equal to the bit rate. 
•The values of RE and TE have no effect. 

• Externally Generated Clock 

If the user wish to supply an external clock to the Serial 
I/O, the following requirements should be noted. 

• The CC 1 , CCO must be set to " 1 1 " (See Table 6). 

• The external clock must be set to 8 times of the desired 
baud rate. 

• The maximum external clock frequency is E/2 clock. 

• Serial Operations 

The serial I/O hardware must be initialized by the software 
before operation. The sequence will be normally as follows. 

•Writing the desired operation control bits of the Rate and 
Mode Control Register. 

•Writing the desired operation control bits of the TRCS 
register. 

If Port 2 bit 3, 4 are used for serial I/O, TE, RE bits may be 
kept set. When TE, RE bit are cleared during SCI operation, 
and subsequently set again, it should be noted that TE, RE 
must be kept "0" for at least one bit time of the current baud 
rate. If TE, RE are set again within one bit time, there may be 
the case where the initializing of internal function for trans- 
mitter and receiver does not take place correctly. 

• Transmit Operation 

Data transmission is enabled by the TE bit in the TRCS 



register. When set, the output of the transmit shift register 
is connected with Port 2 bit 4 which is unconditionally con- 
figured as an output. 

After RES, the user should initialize both the RMC register 
and the TRCS register for desired operation. Setting the TE bit 
causes a transmission of ten-bit preamble of "l"s. Following the 
preamble, internal synchronization is established and the trans- 
mitter is ready to operate. Then either of the following states 
exists. 

(1) If the transmit data register is empty (TDRE = 1), the 
consecutive "l"s are transmitted indicating an idle 
states. 

(2) If the data has been loaded into the Transmit Data 
Register (TDRE = 0), it is transferred to the output 
shift register and data transmission begins. 

During the data transfer, the start bit ("0") is first trans- 
ferred. Next the 8-bit data (beginning at bit 0) and finally the 
stop bit ("1"). When the contents of the Transmit Data Register 
is transferred to the output shift register, the hardware sets the 
TDRE flag bit: If the CPU fails to respond to the flag within 
the proper time, TDRE is kept set and then a continuous string 
of l's is sent until the data is supplied to the data register. 

* Receive Operation 

The receive operation is enabled by the RE bit. The serial 
input is connected with Port 2 bit 3. The receiver operation 
is determined by the contents of the TRCS and RMC register. 
The received bit stream is synchronized by the first "0" (start 
bit). During 10-bit time, the data is strobed approximately at 
the center of each bit. If the tenth bit is not "1" (stop bit), 
the system assumes a framing error and the ORFE is set. 

If the tenth bit is "1", the data is transferred to the receive 
data register, and the RDRF flag is set. If the tenth bit of the 
next data is received and still RDRF is preserved set, then 
ORFE is set indicating that an overrun error has occurred. 

After the CPU read of the status register as a response to 
RDRF flag or ORFE flag, followed by the CPU read of the 
receive data register, RDRF or ORFE will be cleared. 

■ RAM CONTROL REGISTER 

The register assigned to the address $0014 gives a status 
information about standby RAM. 

RAM Control Register 
6 6 4 3 



STBV 


NAME 


X 


X 


X 


X 


X 


X 



BitO Not used. 
Bit 1 Not used. 
Bit 2 Not used. 
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Bit 3 Not used. 
Bit 4 Not used. 
Bit 5 Not used. 
Bit 6 RAM Enable. 

Using this control bit, the user can disab le th e RAM. RAM 
Enable bit is set on the positive edge of RES and RAM is 
enabled. The program can write "1" or "0". If RAME is 
cleared, the RAM address becomes external address and the 
CPU may read the data from the outside memory. 
Bit 7 Standby Bit 

This bit can be read or written by the user program. It is 
cleared when the V™ voltage is removed. Normally this bit 
is set by the program before going into stand-by mode. When 
the CPU recovers from stand-by mode, this bit should be 
checked. If it is "1", the data of the RAM is retained during 
stand-by and it is valid. 

■ GENERAL DESCRIPTION OF INSTRUCTION SET 

The HD6303R has an upward object code compatible with 
the HD6801 to utilize all instruction sets of the HMCS6800. 
The execution time of the key instruction is reduced to increase 
the system through-put. In addition, the bit operation instruc- 
tion, the exchange instruction between the index and the 
accumulator, the sleep instruction are added. This section 
describes: 

• CPU programming model (See Fig. 20) 

• Addressing modes 

'Accumulator and memory manipulation instructions (See 
Table 7) 

• New instructions 

'Index register and stack manipulation instructions (See 
Table 8) 

• Jump and branch instructions (See Table 9) 

'Condition code register manipulation instructions (See 
Table 10) 

• Op-code map (See Table 1 1 ) 

• Cycle-by-cycle operation (See Table 12) 

• CPU Programming Model 

The programming model for the HD6303R is shown in Fig- 
ure 20. The double accumulator is physically the same as the 
accumulator A concatenated with the accumulator B, so that 
the contents of A and B is changed with executing operation of 
an accumulator D. 



M" 



8-Bit Accumulators A and B 

Or 16-Bit Double Accumulator D 



every instruction is shown along with execution time given in 
terms of machine cycles (Table 7 to 11). When the clock 
frequency is 4 MHz, the machine cycle will be microseconds. 
Accumulator (ACCX) Addressing 

Only the accumulator (A or B) is addressed. Either accumula- 
tor A or B is specified by one-byte instructions. 
Immediate Addressing 

In this mode, the operand is stored in the second byte of the 
instruction except that the operand in LDS and LDX, etc are 
stored in the second and the third byte. These are two or 
three-byte instructions. 
Direct Addressing 

In this mode, the second byte of instruction indicates the 
address where the operand is stored. Direct addressing allows 
the user to directly address the lowest 256 bytes in the machine; 
locations zero through 255. Improved execution times are 
achieved by storing data in these locations. For system 
configuration, it is recommended that these locations should be 
RAM and be utilized preferably for user's data realm. These are 
two-byte instructions except the AIM, OIM, EIM and TIM 
which have three-byte. 
Extended Addressing 

In this mode, the second byte indicates the upper 8 bit 
addresses where the operand is stored, while the third byte 
indicates the lower 8 bits. This is an absolute address in 
memory. These are three-byte instructions. 
Indexed Addressing 

In this mode, the contents of the second byte is added to the 
lower 8 bits in the Index Register. For each of AIM, OIM, EIM 
and TIM instructions, the contents of the third byte are added 
to the lower 8 bits in the Index Register. In addition, the result- 
ing "carry" is added to the upper 8 bits in the Index Register. 
The result is used for addressing memory. Because the modified 
address is held in the Temporary Address Register, there is no 
change to the Index Register. These are two-byte instructions 
but AIM, OIM, EIM, TIM have three-byte. 
Implied Addressing 

In this mode, the instruction itself gives the address; stack 
pointer, index register, etc. These are . 1 -byte instructions. 
Relative Addressing 

In this mode, the contents of the second byte is added to the 
lower 8 bits in the program counter. The resulting carry or 
borrow is added to the upper 8 bits. This helps the user to 
address the data within a range of -126 to +129 bytes of the 
current execution instruction. These are two-byte instructions. 



01 Index Register (XI 



Ol Stack Pointer ISP) 



01 Program Counter IPC! 



I M 1 I I M I z I V I C I Condition Code Register (CCR) 
I ^- Carry/Borrow from MSB 



Overflow 

Negative 
Interrupt 
Half Carry (Fr< 



Figure 20 CPU Programming Model 



• CPU Addressing Modes 

The HD6303R has seven address modes which depend on 
both of the instruction type and the code. The address mode for 
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Table 7 Accumulator, Memory Manipulation Instructions 



Operation! 


Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic Operation 


Condition Code 
Register 


IMMEO 


DIRECT 


INDEX 


EXTENO 


IMPLIED 


5 


4 


3 


2 


1 







OP 


- 


# 


OP 


- 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


H 


• 


N 


Z 


V 


C 


Add 


ADDA 


8B 


2 


2 


9B 


3 


2 


AB 


4 


2 


BB 


4 


3 








A + M- A 


J 






t 




t 




ADDB 


CB 


2 


2 


DB 


3 


2 


EB 


4 


2 


FB 


4 


3 








B + M-B 


J 






t 




t 


Add Doable 


ADDD 


C3 


3 


3 


D3 


4 


2 


E3 


5 


2 


F3 


5 


3 








A :8+M: M+1- A : B 


• 






* 




t 


Add Accumulator! 


ABA 


























IB 


1 


1 


A + B- A 


J 






» 




t 


Add With Carry 


ADCA 


89 


2 


2 


99 


3 


2 


A9j 


4 


2 


B9 


4 


3 








A+M+C- A 


J 






t 




t 




ADCB 


C9 


2 


2 


D9 


3 


2 


E9 


4 


2 


F9 


4 


3 








B + M + C-B 


t 






t 




t 


AND 


ANDA 


84 


2 


2 


94 


3 


2 


A4 


4 


2 


B4 


4 


3 








A-M-A 








t 


R 


a 




ANDB 


C4 


2 


2 


D4 


3 


2 


E4 


4 


2 


F4 


4 


3 








B-M-B 








t 


R 


a 


Bit Test 


BIT A 


85 


2 


2 


95 


3 


2 


A5 


4 


2 


B5 


4 


3 








A-M 








I 


R 


• 




BITB 


C5 


2 


2 


D5i 


3 


2 


E5 


4 


2 


F5 


4 


3 








8-M 








t 


R 


a 


Clear 


CLR 














6F 


5 


2 


7F 


5 


3 








00-M 






R 


S 


R 


R 




CLRA 


























4F 


1 


1 


00-A 






R 


S 


R 


R 




CLRB 


























5F 


1 


1 


00-B 






R 


s 


R 


R 


Compart 


CMPA 


81 


2 


2 


91 


3 


2 


A1 


4 


2 


B1 


4 


3 








A-M 










t 


t 




CMPB 


CI 


2 


2 


D1 


3 


2 


El 


4 


2 


F1 


4 


3 








B -M 










t 


t 


Compart 
Accumulatori 


CBA 


























11 


1 


1 


A-B 










t 


t 


Compltmtnt. 1*1 


COM 














63 


6 


2 


73 


6 


3 








M-M 










R 


S 




COMA 


























43 


1 


1 


A-A 










R 


S 




COMB 


























53 


1 


1 


B -B 










R 


s 


Complement, 2's 


NEG 














60 


6 


2 


70 


6 


3 








00-M-M 










© 


V) 


(Ntgatt) 


NEGA 


























40 


1 


1 


00 - A - A 










ffi 


(?) 




NEGB 


























50 


1 


1 


00-B-B 










0) 
t 


a, 


Decimal Adjust. A 


DAA 


























19 


2 


1 


Converts binary add of BCD 
characters into BCD format 










® 


Decrement 


DEC 














6A 


6 


2 


7A 


6 


3 








M-1 -M 










® 


• 




DECA 


























4A 


1 


1 


A -1 -A 










® 


a 




DECB 


























5A 


1 


1 


B - 1 -B 










® 


a 


Exclusive OR 


EORA 


88 


2 


2 


98 


3 


2 


A8 


4 


2 


B8 


4 


3 








A© M- A 










R 


a 




EORB 


C8 


2 


2 


D8 


3 


2 


E8 


4 


2 


F8 


4 


3 








B©M- B 










R 


a 


Incrtment 


INC 














6C 


6 


2 


7C 


6 


3 








M + 1 -M 










® 


a 




INCA 


























4C 


1 


1 


A + 1 - A 










® 


a 




INCB 


























5C 


1 


1 


B ♦ 1- B 










® 


a 


Load 


LOAA 


86 


2 


2 


96 


3 


2 


A6 


4 


2 


B6 


4 


3 








M- A 










R 


a 


Accumulator 


LOAB 


C6 


2 


2 


06 


3 


2 


E6 


4 


2 


F6 


4 


3 








M-B 










R 


a 


Load Double 
Accumulator 


LDD 


CC 


3 


3 


OC 


4 


2 


EC 


S 


2 


FC 


5 


3 








M + 1-B. M- A 










R 


a 


Multiply Unsigned 


MUL 


























3D 


7 


1 


AxB- A ;B 








a 


a 


© 


OR, Inclusive 


ORAA 


8A 


2 


2 


9A 


3 


2 


AA 


4 


2 


BA 


4 


3 








A + M- A 










R 


a 




ORAB 


CA 


2 


2 


DA 


3 


2 


EA 


4 


2 


FA 


4 


3 








B + M- B 










R 


a 


Push Data 


PSHA 


























36 


4 


1 


A - Msp, SP - 1 - SP 






• 


a 


e 


a 




PSHB 


























37 


4 


1 


B - Msp, SP - 1 - SP 






a 


a 


a 


a 


Full Data 


PULA 


























32 


3 


1 


SP+ 1-SP. Msp- A 






• 


e 


a 


a 




PULB 


























33 


3 


1 


SP + 1-SP.Msp-B 






e 


a 


a 


a 


Rotate Laft 


ROL 














69 


6 


2 


79 


6 


3 
















t 


® 


t 




ROLA 


























49 


1 


1 


: |^MIIltf 








t 


® 


t 




ROLB 


























59 


1 


1 








t 


® 


i 


Route Riant 


ROR 














66 


6 


2 


76 


6 


3 
















t 


® 


i 








RORA 


























46 


1 


1 


.^l Ml II L H 








t 


® 


t 




RORB 


























56 


1 


1 








I 


(ft 


t 



Note) Condition Code Register will be explained in Note of Table 10. 



(to be continued) 
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Table 7 Accumulator, Memory Manipulation Instructions 





Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic Operation 


Condition Code 
Register 


Operations 


IMMED 


DIRECT 


INOEX 


EXTEND 


IMPLIED 


5 


4 


3 


2 


i 







OP 


- 


# 


OP 


- 


# 


OP 


~ 


# 


OP 


~ 


* 


OP 


- 


# 


H 


1 


N 


Z 


V 


C 


Shift Left 


ASL 














68 


6 


2 


78 


6 


3 








M, .. 








1 


e> 


t 




ASLA 


























48 


1 




a | M 1 " HI 1 1 k-t. 

,)C u b0 








t 


® 


t 




ASLB 


























68 


1 










t 


s> 


t 


Double Shift 


ASLD 


























06 


1 




rx acc'a/acci l-o 








t 


® 


t 




C Ai ao ii ao 




Shift Right 


ASR 














67 


6 


2 


77 


6 


3 








M ]r-i •> 








t 


® 


t 


Arithmetic 


ASRA 


























47 


1 




A | T,r" " ' i[ JV 








» 


* 


t 




ASRB 


























67 


1 












t 


® 


t 


Shift Right 


LSR 














64 


6 


2 


74 


6 


3 








M| » 






R 


1 


$> 


t 


Logical 


LSRA 


























44 


1 




;K' i m m ire 






R 


I 


® 


t 




LSRB 


























54 


1 








R 


1 


® 


t 


Double Shift 


LSRD 


























04 


1 




0-«J ACC A/ AC4 • "Lif"! 






R 


» 


® 


t 


Right Logical 


a; ao a; eo C 




Store 


STAA 








97 


3 


2 


A7 


4 


2 


B7 


4 


3 








A-M 








t 


R 


• 


Accumulator 


STAB 








07 


3 


2 


E7 


4 


2 


F7 


4 


3 








B -M 








t 


R 


• 


Store Oouble 
Accumulator 


STD 








DO 


4 


2 


ED 


S 


2 


FO 


5 


3 








A-M 
8-.M+1 








t 


R 


• 


Subtract 


SUBA 


80 


2 


2 


90 


3 


2 


AO 


4 


2 


BO 


4 


3 








A-M -A 








t 








SU8B 


CO 


2 


2 


DO 


3 


2 


EO 


4 


2 


FO 


4 


3 








8 -M-B 








t 






Double Subtract 


SUBD 


83 


3 


3 


93 


4 


2 


A3 


5 


2 


B3 


6 


3 








A:B-M:M + 1-A:B 








t 






Subtract 
Accumulators 


SBA 


























10 


1 


1 


A-B- A 








t 






Subtract 


SBCA 


82 


2 


2 


92 


3 


2 


A2 


4 


2 


B2 


4 


3 








A-M-C-A 








t 






With Carry 


SBCB 


C2 


2 


2 


02 


3 


2 


E2 


4 


2 


F2 


4 


3 








B -M-C-B 








* 






Transfer 


TAB 


























16 


1 


1 


A-B 








t 


R 


• 


Accumulators 


TBA 


























17 


1 


1 


B-« A 








t 


R 


• 


Test Zero or 


TST 














60 


4 


2 


7D 


4 


3 








M-00 








t 


R 


R 


Minus 


TSTA 


























40 


1 


1 


A -00 








t 


R 


R 




TSTB 


























5D 


1 


1 


B -00 








i 


R 


R 


And Immediate 


AIM 








71 


6 


3 


61 


7 


3 














MIMM-M 








: 


R 


• 


OR Immediate 


OIM 








72 


6 


3 


62 


7 


3 














M+IMM-M 








t 


R 


• 


EOR Immediate 


EIM 








75 


6 


3 


66 


7 


3 














M®IMM-M 








: 


R 


• 


Teat Immediate 


TIM 








7B 


4 


3 


6B 


5 


3 














M-IMM 








t 


R 


* 



Note) Condition Code Register will be explained in Note of Table 10. 



• New Instructions 

In addition to the HD6801 Instruction Set, the HD6303R 

has the following new instructions: 

AIM --(M)-(IMM)-*(M) 

Evaluates the AND of the immediate data and the 
memory, places the result in the memory. 

OIM— (M) + (IMM)-»(M) 

Evaluates the OR of the immediate data and the 
memory, places the result in the memory. 

EIM— (M)© (IMM)-» (M) 

Evaluates the EOR of the immediate data and the 
contents of memory, places the result in memory. 



TIM----(M)-0MM) 

Evaluates the AND of the immediate data and the 

memory, changes the flag of associated condition code 

register 
Each instruction has three bytes; the first is op-code, the 
second is immediate data, the third is address modifier. 
XGDX--(ACCD)~(IX) 

Exchanges the contents of accumulator and the index 

register. 
SLP The MPU is brought to the sleep mode. For sleep 

mode, see the "sleep mode" section. 
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Table 8 Index Register, Stack Manipulation Instructions 





Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic Operation 


Condition Code 
Register 


Pointer Operations 


IMMED. 


DIRECT 


INDEX 


EXTEND 


IMPLIED 


S 


4 


3 


2 


1 







OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


H 


1 


N 


Z 


V 


C 


Compare Index Reg 


CPX 


8C 


3 


3 


9C 


4 


2 


AC 


5 


2 


BC 


S 


3 








X-M:M + 1 






I 


t 


I 


t 


Decrement Index Reg 


DEX 


























09 


1 


1 


X-1-X 






• 


t 


• 




Decrement Stack Pntr 


DES 


























34 


1 


1 


SP - 1 -» SP 














Increment Index Reg 


INX 


























08 


1 


1 


X + 1-X 






• 


J 


• 




Increment Stack Pntr 


INS 


























31 


1 


1 


SP ♦ 1 - SP 














Load Index Reg 


LDX 


CE 


3 


3 


DE 


4 


2 


EE 


5 


2 


FE 


5 


3 








M- X M . (M+1)-X L 






® 


t 


R 




Load Stack Pntr 


LDS 


8E 


3 


3 


9E 


4 


2 


AE 


S 


2 


BE 


5 


3 








M-SP H . (M + 1)-SP L 






® 


t 


R 




Store Index Reg 


STX 








DF 


4 


2 


EF 


5 


2 


FF 


5 


3 








X H -M. X L -(M + 1) 






® 


t 


R 




Store Stack Pntr 


STS 








9F 


4 


2 


AF 


5 


2 


BF 


5 


3 








SP M -M.SP L -(M + 1) 






® 


t 


R 




Index Reg -• Stack Pntr 


TXS 


























35 


1 


1 


X-1-SP 














Stack Pntr — Index Reg 


TSX 


























30 


1 


1 


SP+ 1-X 














Add 


ABX 


























3A 


1 


1 


B + X-X 














Push Data 


PSHX 


























3C 


5 


1 


XM-Map.SP-l-SP 














Pull Data 


PULX 


























38 


4 


1 


SP ♦ 1 - SP, M w - X„ 
SP+1-SP.M,p-X L 














Exchange 


XGDX 


























18 


2 


1 


ACCD-IX 















Note) Condition Code Register will be explained in Note of Table 10. 



Table 9 Jump, Branch Instruction 





Mnemonic 


Addressing Modes 


Branch Test 


Condition Code 
Register 


Operations 


RELATIVE 


DIRECT 


INDEX 


EXTEND 


IMPLIED 


T 


4 


3 


2 


1 







OP 


~ 


# 


OP 


~ 


# 


OP 


- 


# 


OP 


~ 


# 


OP 


~ 


* 


H 


1 


N 


Z 


V 


C 


Branch Always 


BRA 


20 


3 


2 


























None 














Branch Never 


BRN 


21 


3 


2 


























None 














Branch If Carry Clear 


BCC 


24 


3 


2 


























C-0 














Branch If Carry Set 


BCS 


25 


3 


2 


























C- 1 














Branch If- Zero 


BEQ 


27 


3 


2 


























Z-1 














Branch If > Zero 


BGE 


2C 


3 


2 


























N© V-0 














Branch If > Zero 


BGT 


2E 


3 


2 


























Z + IN© V)-0 














Branch If Higher 


BHI 


22 


3 


2 


























C + Z-0 














Branch If < Zero 


BLE 


2F 


3 


2 


























Z + (N© VI -1 














Branch If Lower Or 
Same 


BLS 


23 


3 


2 


























C + Z- 1 














Branch If < Zero 


BLT 


2D 


3 


2 


























N© V- 1 














Branch If Minus 


BMI 


2B 


3 


2 


























N- 1 














Branch If Not Equal 
Zero 


BNE 


26 


3 


2 


























Z-0 














Branch If Overflow 
Clear 


BVC 


28 


3 


2 


























V-0 














Branch If Overflow Set 


BVS 


29 


3 


2 


























V-1 














Branch If Plus 


BPL 


2A 


3 


2 


























N-0 














Branch To Subroutine 


BSR 


8D 


5 


2 








































Jump 


JMP 














6E 


3 


2 


7E 


3 


3 




















Jump To Subroutine 


JSR 








90 


5 


2 


AD 


5 


2 


BD 


6 


3 




















No Operation 


NOP 


























01 


1 


1 


Advances Prog. Cntr. 
Only 














Return From Interrupt 


RTI 


























3B 


10 


1 




(D 


Return From 
Subroutine 


RTS 


























39 


5 


1 














Software Interrupt 


SWI 


























3F 


12 


1 


a 


S 


• 


• 


• 


• 


Wait for Interrupt* 


WAI 


























3E 


9 


1 


a 


d> 


a 


• 


• 


• 


Steep 


SLP 


























1A 


4 


1 

















Note) * WAI put * R/ " high; A<WrM * Bus 8 08 * to FFFF: D«» Bus goes to the three i 
Condition Code Register will be explained in Note of Table 10. 
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Table 10 Condition Code Register Manipulation Instructions 





Mnemonic 


AddretiingModei 


Boolean Operation 


Condition Code Register 


Operetiont 


IMPLIED 


5 




3 


2 


1 







OP 


- 




H 




N 


Z 


V 


c 


Clear Carry 


CLC 


OC 


1 




0-C 










e 


R 


Cleer Interrupt Meek 


CLI 


OE 


1 




0- 1 










a 


• 


Clear Overflow 


CLV 


OA 


1 




0-V 










R 


• 


Sat Carry 


SEC 


00 


1 




1 -C 










e 


S 


Sat Interrupt Matk 


SEI 


OF 


1 




1-1 










• 


• 


Set Overflow 


SEV 


OB 


1 




1 -V 










S 


• 


Accumulator A — CCR 


TAP 


06 


1 




A- CCR 


it . 


CCR — Accumulator A 


TPA 


07 


1 




CCR- A 


• |. |.|. |. |. 



® 


(Bit C) 


<5> 


(BitC) 


(J) 


(Bit V) 


(5) 


(Bit V) 


(6) 


(Bit V) 


(?) 


(BitN) 


<f) 


(All Bit) 


(ft 


(Bitl) 



[NOTE 1] Condition Code Register Notes: (Bit set if test is true and cleared otherwise) 
<X> (BitV) Test: Result = 10000000? 

Test: Result \ 00000000? 

Test: BCD Character of high-order byte greater than 9 ? (Not cleared if previously set) 

Test: Operand - 10000000 prior to execution? 

Test: Operand = 01 1 1 1 1 1 1 prior to execution? 

Test: Set equal to N*C=1 after the execution of instructions 

Test: Result less than zero? (Bit 15=1) 

Load Condition Code Register from Stack. 

Set when interrupt occurs. If previously set, a Non-Maskable Interrupt is required to exit the wait 

state. 
(All Bit) Set according to the contents of Accumulator A. 
(Bit C) Result of Multiplication Bit 7= 1 of ACCB? 

(NOTE 2] CLI instruction and interrupt. 

If interrupt mask-bit is set d="1") and interrupt is requested (IRQi = "0" or IRQj = "0"), 
and then CLI instruction is executed, the CPU responds as follows. 
© The next instruction of CLI is one-machine cycle instruction. 

Subsequent two instructions are executed before the interrupt is responded. 

That is, the next and the next of the next instruction are executed. 

The next instruction of CLI is two-machine cycle (or more) instruction. 

Only the next instruction is executed and then the CPU jump to the interrupt routine. 
Even if TAP instruction is used, instead of CLI, the same thing occurs. 



® 



© 



Table 1 1 OP-Code Map 



OP 






ACC 
A 


ACC 

B 


IND 


EXT/ 

/dir" 


ACCA or SP 


ACCB or X 




COOE 


IMM 


DIR 


IND 


EXT 


IMM 


DIR 


IND 


EXT 




\HI 
10\ 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


lltl 







1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


O 


E 


F 




0000 







SBA 


BRA 


TSX 


NEG 


SUB 





0001 


1 


NOP 


CBA 


BRN 


INS 


^___-— — 1 


AIM 


CMP 


1 


0010 


2 






8HI 


PULA 




OIM 


SBC 




Mil 


s 






BLS 


PULB 


COM 




SUBD 


1 


ADDD 






0100 


4 


LSRO 




BCC 


DES 


LSR 


AND 




0101 


5 


ASLD 




BCS 


TXS 


_- 1 E,M 


BIT 




0110 


6 


TAP 


TAB 


BNE 


PSHA 


ROR 


LOA 




Of 11 


7 


TPA 


TBA 


BEQ 


PSHB 


ASR 


^ 


STA 


L-^ 


STA 






1000 


S 


INX 


XGOX 


BVC 


PULX 


ASL 


EOR 




1001 


9 


DEX 


DAA 


BVS 


RTS 


ROL 


ADC 




1010 


A 


CLV 


SLP 


BPL 


ABX 


DEC 


ORA 




101 1 


B 


SEV 


ABA 


BMI 


RTI 


- - — ~~~n . tim 


ADD 


B 


1100 


c 


CLC 




BGE 


PSHX 


INC 


CPX 


LDD 


C 


1101 


O 


SEC 




BLT 


MUL 


TST 


BSR 


JSR 




^ 


STD 




D 


1110 


E 


CLI 




BGT 


WAI 


^^\^^\ JMP 


LDS 


LDX 


E 


MM 


F 


SEI 




BLE 


SWI 


CLR 




STS 




STX 


F 









1 


2 


3 


4 


5 6 7 


8 


9 | A 


B 


C 


D | * 


' 





UNDEFINED OP CODE 

• Only for instructions of AIM, OIM, EIM, TIM 
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• Instruction Execution Cycles 

In the HMCS6800 series, the execution cycle of each instruc- 
tion is the number of cycles between the start of the current 
instruction fetch and just before the start of the subsequent 
instruction fetch. 

The HD6303R uses a mechanism of the pipeline control 
for the instruction fetch and the subsequent instruction fetch 
is performed during the current instruction being executed. 



Therefore, the method to count instruction cycles used in 
the HMCS6800 series cannot be applied to the instruction 
cycles such as MULT, PULL, DAA and XGDX in the HD6303R. 

Table 12 provides the information about the relationship 
among each data on the Address Bus, Data Bus, and R/W status 
in cycle-by-cycle basis during the execution of each instruction. 



Table 12 Cycle-by-Cycle Operation 



Address Mode & 
Instructions 



Cycles 



Cycle 



Address Bus 



R/W 



Data Bus 



IMMEDIATE 



ADC 


ADD 




1 


Op Code Address +1 


1 


Operand Data 


AND 


BIT 




2 


Op Code Address +2 


1 


Next Op Code 


CMP 


EOR 


2 










LDA 


ORA 












SBC 


SUB 












ADDD 


CPX 




1 


Op Code Address +1 


1 


Operand Data (MSB) 


LDD 


LDS 


3 


2 


Op Code Address+2 


1 


Operand Data (LSB) 


LDX 


SUBD 




3 


Op Code Address +3 


1 


Next Op Code 



DIRECT 



ADC 


ADD 




1 


Op Code Address +1 


1 


Address of Operand (LSB) 


AND 


BIT 




2 


Address of Operand 


1 


Operand Data 


CMP 


EOR 


3 


3 


Op Code Address+2 


1 


Next Op Code 


LDA 


ORA 












SBC 


SUB 












STA 






1 


Op Code Address+1 


1 ^ 


Destination Address 






3 


2 


Destination Address 





Accumulator Data 








3 


Op Code Address+2 


1 


Next Op Code 


ADDD 


CPX 




1 


Op Code Address+1 


1 


Address of Operand (LSB) 


LDD 


LDS 


4 


2 


Address of Operand 


1 


Operand Data (MSB) 


LDX 


SUBD 


3 


Address of Operand + 1 


1 


Operand Data (LSB) 








4 


Op Code Address+2 


1 


Next Op Code 


STD 


STS 




1 


Op Code Address+1 


1 


Destination Address (LSB) 


STX 




4 


2 


Destination Address 





Register Data (MSB) 






3 


Destination Address+1 





Register Data (LSB) 








4 


Op Code Address+2 


1 


Next Op Code 


JSR 






1 
2 


Op Code Address+1 
FFFF 


1 
1 


Jump Address (LSB) 
Restart Address (LSB) 






5 


3 


Stack Pointer 





Return Address (LSB) 








4 


Stack Pointer— 1 





Return Address (MSB) 








5 


Jump Address 


1 


First Subroutine Op Code 


TIM 






1 


Op Code Address+1 


1 


Immediate Data 






4 


2 


Op Code Address+2 


1 


Address of Operand (LSB) 






3 


Address of Operand 


1 


Operand Data 








4 


Op Code Address + 3 


1 


Next Op Code 


AIM 


EIM 




1 


Op Code Address+1 


1 


Immediate Data 


OIM 






2 


Op Code Address+2 


1 


Address of Operand (LSB) 






6 


3 


Address of Operand 


1 


Operand Data 






4 


FFFF 


1 


Restart Address (LSB) 








5 


Address of Operand 





New Operand Data 








6 


Op Code Address+3 


1 


Next Op Code 
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Table 12 Cycle-by-Cycle Operation (Continued) 



Address Mode & 
Instructions 



Cycles 



Cycle 



Address Bus 



R/W 



Data Bus 



INDEXED 



JMP 


3 


1 
2 
3 


Op Code Address+1 

FFFF 

Jump Address 




Offset 

Restart Address (LSB) 

First Op Code of Jump Routine 


ADC ADD 
AND BIT 
CMP EOR 
LDA ORA 
SBC SUB 
TST 


4 


1 
2 
3 
4 


Op Code Address+1 

FFFF 

IX + Offset 

Op Code Address+2 




Offset 

Restart Address (LSB) 
Operand Data 
Next Op Code 


STA 


4 


1 
2 
3 
4 


Op Code Address+1 

FFFF 

IX + Offset 

Op Code Address+2 




Offset 

Restart Address (LSB) 
Accumulator Data 
Next Op Code 


ADDD 

CPX LDD 
LDS LDX 
SUBD 


5 


1 
2 
3 
4 
5 


Op Code Address+1 

FFFF 

IX + Offset 

IX + Offset +1 

Op Code Address+2 




Offset 

Restart Address (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 


STD STS 
STX 


5 


1 
2 
3 

4 
5 


Op Code Address+1 

FFFF 

IX + Offset 

IX + Offset +1 

Op Code Address + 2 






Offset 

Restart Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 
Next Op Code 


JSR 


5 


1 
2 
3 
4 
5 


Op Code Address+1 

FFFF 

Stack Pointer 

Stack Pointer— 1 

IX+Offset 






Offset 

Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 


ASL ASR 
COM DEC 
INC LSR 
NEG ROL 
ROR 


6 


1 
2 
3 
4 
5 
6 


Op Code Address+1 

FFFF 

IX + Offset 

FFFF 

IX + Offset 

Op Code Address+1 





Offset 

Restart Address (LSB) 
Operand Data 
Restart Address (LSB) 
New Operand Data 
Next Op Code 


TIM 


5 


1 
2 
3 
4 
5 


Op Code Address+1 

Op Code Address+2 

FFFF 

IX+Offset 

Op Code Address +3 




Immediate Data 

Offset 

Restart Address (LSB) 

Operand Data 

Next Op Code 


CLR 


5 


1 
2 
3 
4 
5 


Op Code Address+1 

FFFF 

IX + Offset 

IX + Offset 

Op Code Address+2 





Offset 

Restart Address (LSB) 

Operand Data 

00 

Next Op Code 


AIM EIM 
OIM 


7 


1 
2 
3 
4 
5 
6 
7 


Op Code Address+1 

Op Code Address+2 

FFFF 

IX + Offset 

FFFF 

IX + Offset 

Op Code Address+3 




1 


Immediate Data 

Offset 

Restart Address (LSB) 

Operand Data 

Restart Address (LSB) 

New Operand Data 

Next Op Code 
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Table 12 Cycle-by-Cycle Operation (Continued) 



Address Mode & 
Instructions 



Cycles 



Cycle 



Address Bus 



R W 



Data Bus 



EXTEND 



JMP 






1 


Op Code Address + 1 


I 1 


Jump Address (MSB) 






3 


2 


Op Code Address +2 


1 


Jump Address (LSB) 








3 


Jump Address 




Next Op Code 


ADC 


ADD TST 




I 1 


Op Code Address + 1 




Address of Operand (MSB) 


AND 


BIT 


4 


2 


Op Code Address +2 


I 1 


Address of Operand (LSB) 


CMP 


EOR 


3 


Address of Operand 


! 1 


Operand Data 


LDA 


ORA 




4 


Op Code Address +3 


j 1 


Next Op Code 


SBC 


SUB 




L _ .. _ 








STA 






1 1 


Op Code Address +1 




Destination Address (MSB) 






4 


2 


Op Code Address+2 




Destination Address (LSB) 






3 


Destination Address 





Accumulator Data 








4 


Op Code Address +3 




Next Op Code 


ADDD 






I 1 


Op Code Address +1 




Address of Operand (MSB) 


CPX 


LDD 




2 


Op Code Address+2 




Address of Operand (LSB) 


LDS 


LDX 


5 


3 


Address of Operand 




Operand Data (MSB) 


SUBD 






4 


Address of Operand + 1 


1 


Operand Data (LSB) 




STS 




5 


Op Code Address +3 




Next Op Code 


STD 




1 


Op Code Address +1 




Destination Address (MSB) 


STX 






2 


Op Code Address + 2 




Destination Address (LSB) 






5 


3 


Destination Address 





Register Data (MSB) 








4 


Destination Address +1 





Register Data (LSB) 










5 


Op Code Address +3 




Next Op Code 


JSR 


1 1 


Op Code Address + 1 




Jump Address (MSB) 








2 


Op Code Address+2 




Jump Address (LSB) 






6 


3 


FFFF 


l' 1 


Restart Address (LSB) 






4 


Stack Pointer 


! 


Return Address (LSB) 








5 


Stack Pointer— 1 


! o 


Return Address (MSB) 




ASR 




6 


Jump Address 


! 1 


First Subroutine Op Code 


ASL 




1 


Op Code Address +1 


| 1 


Address of Operand (MSB) 


COM 


DEC 




2 


Op Code Address+2 


1 1 


Address of Operand (LSB) 


INC 


LSR 


6 


3 


Address of Operand 


j 1 


Operand Data 


NEG 


ROL 


4 


FFFF 


! 1 


Restart Address (LSB) 


ROR 






5 


Address of Operand 


i o 


New Operand Data 








6 


Op Code Address +3 


i ' 1 


Next Op Code 


CLR 






1 
2 


Op Code Address + 1 
Op Code Address+2 


T 1 "~i 


Address of Operand (MSB) 
Address of Operand (LSB) 






5 


3 


Address of Operand 


| 1 


Operand Data 








4 


Address of Operand 





00 








5 


Op Code Address +3 


! 1 


Next Op Code 
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Table 1 2 Cycle-by-Cycle Operation (Continued) 



Address Mode & 
Instructions 


Cycles 


Cycle 


Address Bus 


R W Data Bus 


IMPLIED 


ABA 


ABX 


I 1 


Op Code Address +1 ! 1 | Next Op Code 


ASL 


ASLD 




I i 


ASR 


CBA 




! 


CLC 


CLI 


| 




CLR 


CLV 




COM 


DEC | 




DES 


DEX ! 




INC 


INS i 




INX 


LSR i 1 




LSRD 


ROL 






! 


ROR 


NOP 








SBA 


SEC 








SEI 


SEV 






! ; 


TAB 


TAP 






i ; 


TBA 


TPA 






| ; 


TST 


TSX 






I 


TXS 










DAA 


XGDX 


2 


1 


Op Code Address +1 1 Next Op Code 






2 


FFFF 1 


Restart Address (LSB) 


PULA 


PULB 




1 


Op Code Address +1 1 


Next Op Code 






3 


2 


FFFF ! 1 


Restart Address (LSB) 








3 


Stack Pointer + 1 I 1 


Data from Stack 


PSHA 


PSHB 




1 


Op Code Address +1 1 


Next Op Code 






4 


2 


FFFF 1 


Restart Address (LSB) 






3 


Stack Pointer 


Accumulator Data 








4 


Op Code Address +1 i 1 


Next Op Code 


PULX 






1 


Op Code Address +1 1 


Next Op Code 






4 


2 


FFFF \ 1 


Restart Address (LSB) 






3 


Stack Pointer +1 1 


Data from Stack (MSB) 








4 


Stack Pointer +2 1 


Data from Stack (LSB) 


~PSHX" 






1 


Op Code Address +1 | 1 


Next Op Code 








2 


FFFF 1 


Restart Address (LSB) 






5 


3 


Stack Pointer 


Index Register (LSB) 








4 


Stack Pointer- 1 


Index Register (MSB) 








5 


Op Code Address +1 1 


Next Op Code 


RTS 






1 


Op Code Address+1 1 


Next Op Code 








2 


FFFF | 1 


Restart Address (LSB) 






5 


3 


Stack Pointer +1 1 


Return Address (MSB) 








4 


Stack Pointer +2 j 1 


Return Address (LSB) 








5 


Return Address 1 


First Op Code of Return Routine 


MUL 






1 
2 
3 


Op Code Address+1 

FFFF 

FFFF 




Next Op Code 
Restart Address (LSB) 
Restart Address (LSB) 






7 


4 
5 
6 

7 


FFFF 
FFFF 
FFFF 
FFFF 




Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
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Table 12 Cycle-by-Cycle Operation (Continued) 



Address Mode & ^ . j Cycle 
Instructions i # 



Address Bus 



R/W 



Data Bus 



IMPLIED 



WAI 




1 


Op Code Address +1 


1 


Next Op Code 






2 


FFFF 


1 


Restart Address (LSB) 






3 


Stack Pointer 





Return Address (LSB) 






4 


Stack Pointer— 1 





Return Address (MSB) 




9 


5 


Stack Pointer -2 





Index Register (LSB) 






6 


Stack Pointer -3 





Index Register (MSB) 






7 


Stack Pointer— 4 





Accumulator. A 






8 


Stack Pointer— 5 





Accumulator B 






9 


Stack Pointer -6 





Conditional Code Register 


RTI 




1 


Op Code Address +1 




Next Op Code 






2 


FFFF 




Restart Address (LSB) 






3 


Stack Pointer 




Conditional Code Register 






4 


Stack Pointer +1 




Accumulator B 




10 


5 


Stack Pointer +2 




Accumulator A 




6 


Stack Pointer +3 




Index Register (MSB) 






7 


Stack Pointer +4 




Index Register (LSB) 






8 


Stack Pointer +5 




Return Address (MSB) 






9 


Stack Pointer +6 




Return Address (LSB) 






10 


Return Address 




First Op Code of Return Routine 


SWI 




1 


Op Code Address +1 




Next Op Code 






2 


FFFF 




Restart Address (LSB) 






3 


Stack Pointer 





Return Address (LSB) 






4 


Stack Pointer - 1 





Return Address (MSB) 






5 


Stack Pointer - 2 





Index Register (LSB) 




12 


6 


Stack Pointer - 3 





Index Register (MSB) 




7 


Stack Pointer — 4 





Accumulator A 






8 


Stack Pointer — 5 





Accumulator B 






9 


Stack Pointer - 6 





Conditional Code Register 






10 


Vector Address FFFA 




Address of SWI Routine (MSB) 






11 


Vector Address FFFB 




Address of SWI Routine (LSB) 






12 


Address of SWI Routine 




First Op Code of SWI Routine 


SLP 




1 


Op Code Address +1 




Next Op Code 






2 


FFFF 




Restart Address (LSB) 






Sleep 
3 


FFFF 




High Impedance-Non MPX Mode 




4 






Address 


Bus -MPX Mode 






FFFF 




Restart Address (LSB) 






4 


Op Code Address+1 




Next Op Code 
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Table 12 Cycle-by-Cycle Operation (Continued) 



Address Mode & 
Instructions 



Cycles 



Cycle 



Address Bus 



R W 



Data Bus 



RELATIVE 



BCC 


BCS 




1 


Op Code Address +1 


1 


Branch Offset 


BEQ 


BGE 


3 


2 


FFFF 


1 


Restart Address (LSB) 


BGT 


BHI 




3 


I Branch Address Test="1" 


1 


First Op Code of Branch Routine 


BLE 


BLS 




I Op Code Address+ 1 -Test="0" 


Next Op Code 


BLT 


BMT 












BNE 


BPL 












BRA 


BRN 












BVC 


BVS 












BSR 






1 


Op Code Address + 1 


1 


Offset 








2 


FFFF 


1 


Restart Address (LSB) 






5 


3 


Stack Pointer 





Return Address (LSB) 








4 


Stack Pointer— 1 





Return Address (MSB) 








5 


Branch Address 


1 


First Op Code of Subroutine 



■ LOW POWER CONSUMPTION MODE 

The HD6303R has two low power consumption modes; sleep 
and standby mode. 

• Sleep Mode 

On execution of SLP instruction, the MPU is brought to the 
sleep mode. In the sleep mode, the CPU sleeps (the CPU clock 
becomes inactive), but the contents of the registers in the CPU 
are retained. In this mode, the peripherals of CPU will remain 
active. So the operations such as transmit and receive of the 
SCI data and counter may keep in operation. In this mode, 
the power consumption is reduced to about 1/6 the value of a 
normal operation. 

The esca pe fr om this mode can be d one by interrupt, RES, 
STBY. The "KE3 resets the MPU and the STBY brings it into the 
standby mode (This will be mentioned later). When interrupt is 
requested to the CPU and accepted, the sleep mode is released, 
then the CPU is brought in the operation mode and jumps to 
the interrupt routine. When the CPU has masked the interrupt, 
after recovering from the sleep mode, the next instruction of 
SLP starts to execute. However, in such a case that the timer 
interrupt is inhibited on the timer side, the sleep mode cannot 
be released due to the absence of the interrupt request to the 
CPU. 




Stack registers 


Oscillator 


RAM control 


stabilizing 


register set 


time 



Figure 21 . Standby Mode Timing 



This sleep mode is available to reduce an average power 
consumption in the applications of the HD6303R which may 
not be always running. 

• Standby Mode 

Bringing STBY "Low", the CPU becomes reset and all 
clocks of the HD6303R become inactive. It goes into the 
standby mode. This mode remarkably reduces the power con- 
sumptions of the HD6303R. 

In the standby mode, if the HD6303R is continuously sup- 
plied with power, the contents of RAM is retained. The standby 
mode should escape by the reset start. The following is the 
typical application of this mode. 

First, NMl routine stacks the CPU's internal information and 
the contents of SP in RAM, disables RAME bit of RAM control 
register, sets the standby bit, and then goes into the standby 
mode. If the standby bit keeps set on reset start, it means that 
the power has been kept during stand-by mode and the contents 
of RAM is normally guaranteed. The system recovery may be 
possible by returning SP and bringing into the condition before 
the standby mode has started. The timing relation for each line 
in this application is shown in Figure 21. 
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■ ERROR PROCESSING 

When the HD6303R fetches an undefined instruction or 
fetches an instruction from unusable memory area, it generates 
the highest priority internal interrupt, that may protect from 
system upset due to noise or a program error. 

• Op-Code Error 

Fetching an undefined op-code, the HD6303R will stack the 
CPU register as in the case of a normal interrupt and vector to 
the TRAP (SFFEE, SFFEF), that has a second highest priority 
(RES is the highest). 

• Address Error 

When an instruction is fetched from other than a resident 
RAM, or an external memory area, the CPU starts the same 
interrupt as op-code error. In the case which the instruction is 
fetched from external memory area and that area is not usable, 
the address error can not be detected. 

The address which cause address error are shown in Table 
13. 

This feature is applicable only to the instruction fetch, not to 
normal read/write of data accessing. 

Transitions among the active mode, sleep mode, standby 
mode and reset are shown in Figure 22. 

Figures 23, 24 show a system configuration. 
The system flow chart of HD6303R is shown in Figure 25. 




Figure 22 Transitions among Active Mode, Standby Mode, 
Sleep Mode, and Reset 



Table 13 Address Error 



Address Error 



$0000 ~ $001 F 



HD6303R 
MPU 



Address 
. Strobe 



/8 



o m PIA 



PTM 



Address Bus Oeta Bus 

Figure 23 HD6303R MPU Multiplexed Mode 
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ROM 




1 
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RAM 
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PIA 
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i 










GPIA 
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1 











Address Bus Oeta Bus 

Figure 24 HD6303R MPU Non-Multiplexed Mode 



HITACHI 



349 



HD6303R,HD63A03R,HD63B03R- 



( RESET ) 

vector!^ 
t#fe-tf# 




d> 



PC-PC-1 



PC» 


-PC-1 


1 


STACK 


PCL- 


-MSP 


PCH- 


-MSP-1 


IXL- 


MSP-2 


IXH- 


MSP-3 


ACCA 


• MSP-4 


ACCB 


• MSP-5 


CCR 


• MSP-6 



| SLEEP Flag Sel| 




^^k^YES 






<^> YES 




^SS^YES 




[NO I 




' 


SLEEP Flag 1 
91-W ..1 





Figure 25 HD6303R System Flow Chart 
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■ PRECAUTION TO THE BOARD DESIGN OF OSCILLA- 
TION CIRCUIT 

As shown in Fig. 26, there is a case that the cross talk dis- 
turbs the normal oscillation if signal lines are put near the 
oscillation circuit. When designing a board, pay attention to 
this. Crystal and Cl must be put as near the HD6303R as 
possible. 



c L 



P^S 



rbc. 



XTAL 
EXTAL 



HD6303R 
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■ PIN CONDITIONS AT SLEEP AND STANDBY STATE 

• Sleep State 

The conditions of power supply pins, clock pins, input pins 
and E clock pin are the same as those of operation. Refer to 
Table 14 for the other pin conditions. 

• Standby State 

Only power supply pins and STBY are active. As for the 
clock pin EXTAL, its input is fixed internally so the MPU is 
not influenced by the pin conditions. XTAL is in "1" output. 
All the other pins are in high impedance. 



Do not use this kind of print board design. 

Figure 26 Precaution to the boad design 
of oscillation circuit 



Table 14 Pin Condition in Sleep State 



■ — _____ Mode 
Pin — — —____ 


Non Multiplexed Mode 


Multiplexed Mode 


P20 ~ P24 


Function 


I/O Port 


I/O Port 


Condition 


Keep the condition just before sleep 


- — 


A0/P10 ~ 


Function 


Address Bus (A ~A 7 ) 


I/O Port 


A7/P17 


Condition 


Output "1" 


Keep the condition just before sleep 




Function 


Address Bus (A 8 ~A 15 ) 


Address Bus (A 8 ~Ai 5 ) 




Condition 


Output "1 " 


- — 


Do/Ao ~ 


Function 


Data Bus (D ~D 7 ) 


E: Address Bus (A ~A7), E: Data Bus 


D7/A7 


Condition 


High Impedance 


E: Output "1", E: High Impedance 


R/W 


Function 


R/W Signal 


R/W Signal 


Condition 


Output "1" 


- — 


AS 




- 


Output AS 



Table 15 Pin Condition during RESET 



~"~"~~----^^^ Mode 
Pin ^~~^~^---^^^ 


Non-Multiplexed Mode 


Multiplexed Mode 


P20 ~ P24 


High Impedance 






A0/P10 ~ A7/P17 


High Impedance 






As ~ Al5 


High Impedance 






Do/Ao ~ D7/A7 


High Impedance 


E : "1 " Output 
E .-High Impedance 


R/W 


"1" Output 






AS 


E : "1" Output 
E : "0" Output 







HITACHI 



351 



H D6303R, H D63A03R, H D63B03R - 



■ DIFFERENCE BETWEEN HD6303 AND HD6303R 

The HD6303R is an upgraded version of the HD6303. The 
difference between HD6303 and HD6303R is shown in Table 
16. 



Table 16 Difference between HD6303 and HD6303R 



Item 


HD6303 


HD6303R 


Operating 
Mode 


Mode 2: Not defined 


Mode 2: Multiplexed 

Mode 

(Equivalent to Mode 4) 


Electrical 
Character- 
istics 


The electrical character- 
istics of 2MHz version 
(B version) are not spec- 
ified. 


Some characteristics 
are improved. 
The 2MHz version is 
guaranteed. 


Timer 


Has problem in output 
compare function. 
(Can be avoided by soft- 
ware.) 


The problem is solved. 
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HD63B03X 

CMOS MPU (Micro Processing Unit) 

—PRELIMINARY- 



The HD6303X is a CMOS 8-bit microprocessing unit (MPU) 
which includes a CPU compatible with the HD6301V1, 192 
bytes of RAM, 24 parallel I/O pins, a Serial Communication 
Interface (SCI) and two timers on chip. 

■ FEATURES 

• Instruction Set Compatible with the HD6301 V1 

• Abundant On-chip Functions 

192 Bytes of RAM 

24 Parallel I/O Ports 

16-Bit Programmable Timer 

8-Bit Reloadable Timer 

Serial Communication Interface 

Memory Ready 

Halt 

Error-Detection (Address Trap, Op Code Trap) 

• Interrupts ... 3 External, 7 Internal 
•. Up to 65k Words Address Space 

• Low Power Dissipation Mode 

Sleep 
Standby 

• Wide Range of Operation 

V C c = 3~6V (f = 0.1 ~ 0,5MHz). 

(f = 0.5 ~ 1.0MHz; HD6303X \ 
f = 0.5 ~ 1.5MHz; HD63A03X I 
f = 0.5 ~ 2.0MHz; HD63B03X/ 



■ PIN ARRANGEMENT 

• HD6303XP, HD63A03XP, HD63B03XP 



HD6303XP, HD63A03XP 
HD63B03XP 




(DP-64S) 



HD6303XF, HD63A03XF, 
HD63B03XF 
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go. 
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3 a.. 


p«E 




3a„ 


p..E 




13 a., 


p..B 




3a„ 


p«E 
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3a„ 


p.. El 




Svee 



HD6303XF, HD63A03XF, HD63B03XF 
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■ BLOCK DIAGRAM 



P2o(Tin) - 
P2i(Tout1)- 
P 22 (SCLK) 
P 23 (Rx) - 

P24(TX) 
P25(TOUt2) — 

P26(Tout3)- 

P27(TcLK) 




p 5 o(iRTIT) 

PBlimOT) 

P 5 2(MR) 

P53(HALT) 



3 
CD 
in 

3 
CO 

3 

<u 

•a 
< 



















A 8 

A 9 

A, 

A,, 

A,j 

A, 



A )S 
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■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 ~ +7.0 


V 


Input Voltage 


V in 


-0.3 ~ V C c+0.3 


V 


Operating Temperature 


Topr 


0~+70 


°C 


Storage Temperature 


T"ltg 


-55 ~ +150 


°C 



(NOTE) This product has protection circuits in input terminal from high static electricity voltage and high electric field. 
But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection 
circuits. To assure the normal operation, we recommend V| n , V out : Vss ^ (Vj n or V out ) k Vcc- 

■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (V CC - 5.0V±10%, Vss = 0V, Ta « ~ +70°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 




RES, STBY 


V 1H 




Vcc-0.5 


- 


Vcc 
+0.3 




Input "High" Voltage 


EXTAL 


V cc x0.7 


- 


V 




Other Inputs 


2.0 


- 




Input "Low" Voltage 


All Inputs 


V,L 




-0.3 


- 


0.8 


V 


Input Leakage Current 


NMI, RES, STBY, 
MP ,MP,,Port5 


Hint 


V in = 0.5~V cc -0.5V 


- 


- 


1.0 


MA 


Three State (off -state) 
Leakage Current 


A ~A,5,Do~D 7 , RD, 
WR,R/W,Port2,Port6 


HtsiI 


V in = 0.5 -Vcc -0.5V 


- 


- 


1.0 


ma 


Output "High" Voltage 


All Outputs 


VqH 


Ioh = -200J/A 


2.4 


- 


- 


V 


Ioh = -10/uA 


Vcc-0.7 


- 


- 


V 


Output "Low" Voltage 


All Outputs 


Vol 


l OL = ; 1.6mA 


- 


- 


0.4 


V 


Darlington Drive 
Current 


Ports 2, 6 


"•OH 


Vout = 1.5V 


1.0 


- 


10.0 


mA 


Input Capacitance 


All Inputs 


C in 


V in = 0V,f = 1MHz, 
Ta = 25°C 


- 


- 


12.5 


PF 


Standby Current 


Non Operation 


'STB 




- 


3.0 


15.0 


MA 




'SLP 


Sleeping (f = 1MHz**) 


- 


1.5 


3.0 


mA 




Sleeping (f= 1.5MHz**) 


- 


2.3 


4.5 


mA 


Current Dissipation* 


Sleeping (f = 2MHz**) 


- 


3.0 


6.0 


mA 


Ice 


Operating (f=1MHz**) 


- 


7.0 


10.0 


mA 




Operating (f= 1.5MHz**) 


- 


10.5 


15.0 


mA 




Operating (f = 2MHz**) 


- 


14.0 


20.0 


mA 


RAM Standby Voltage 


Vram 




2.0 


- 


- 


V 



' Vin min = Vcc-1-OV, V| L max = 0.8V , All output terminals are at no load. 

' Current Dissipation of the operating or sleeping condition is proportional to the operating frequency. So the typ. or max. 
values about Current Dissipations at x MHz operation are decided according to the following formula; 

typ. value (f = x MHz) = typ. value <f=1MHz)xx 
max. value (f = x MHz) = max. value (f = 1 MHz) x x 

(both the sleeping and operating) 
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• AC CHARACTERISTICS (V C c = 5.0V±10%, Vss-OV.Ta «0~+70°C, unless otherwise noted.) 



BUS TIMING 







Symbol 


Test 
Condition 


HD6303X 


HD63A03X 


HD63B03X 






min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


Unit 


Cycle Time 


*cyc 


Fig. 1 


1 


- 


10 


0.666 


- 


10 


0.5 


- 


10 


MS 


Enable Rise Time 


tEr 


- 


- 


25 


- 


- 


25 


- 


-. 


25 


ns 


Ejnable Fall Time 


t E f 


- 


- 


25 


- 


- 


25 


- 


- 


25 


ns 


Enable Pulse Width "High" Level* 


PWeh 


450 


- 


- 


300 


- 


- 


220 


- 


- 


ns 


Enable Pulse Width "Low" Level* 


PWel 


450 


- 


- 


300 


- 


- 


220 


- 


- 


ns 


Address, R/W" Delay Time* 


*AD 


- 


- 


250 


- 


- 


190 


- 


- 


160 


ns 


Data Delay Time 


Write 


tDDW 


- 


- 


200 


- 


- 


160 


-■■ 


- 


120 


ns 


Data Set-up Time 


Read 


tDSR 


80 


- 


- 


70 


- 


- 


70 


- 


- 


ns 


Address, R/W" Hold Time* 


tAH 


80 


- 


- 


50 


- 


- 


35 


- 


- 


ns 


Data Hold Time 


Write* 


tHW 


80 


- 


- 


50 


- 


- 


40 


- 


- 


ns 


Read 


*HR 





- 


- 





- 


- 





- 


— 


ns 


RD.WR Pulse Width* 


PWrw 


450 


- 


- 


300 


- 


- 


220 


- 


- 


ns 


RD", WR Delay Time 


tRWD 


- 


- 


40 


- 


- 


40 


- 


- 


40 


ns 


RD, WR Hold Time 


*HRW 


- 


- 


30 


- 


- 


30 


- 


- 


25 


ns 


Lid Delay Time 


toLR 


- 


- 


200 


- 


- 


160 


- 


- 


120 


ns 


LI R Hold Time 


tHLR 


10 


- 


- 


10 


- 


- 


10 


- 


- 


ns 


MR Set-up Time* 


tsMR 


Fig. 2 


400 


- 


- 


280 


- 


- 


230 


- 


- 


ns 


MR Hold Time* 


tHMR 


- 


- 


90 


- 


- 


40 


- 


- 





ns 


E Clock Pulse Width at MR 


PWemr 


- 


- 


9 


- 


- 


9 


- 


- 


9 


J"S 


Processor Control Set-up Time 


tpcs 


Fig. 3, 
10.11 


200 


- 


- 


200 


- 


- 


200 


- 


- 


ns 


Processor Control Rise Time 


tpCr 


Fig. 2, 3 


- 


- 


100 


- 


- 


100 


- 


- 


100 


ns 


Processor Control Fall Time 


tpcf 


- 


- 


100 


- 


- 


100 


- 


- 


100 


ns 


BA Delay Time 


*BA 


Fig. 3 


- 


- 


250 


- 


- 


190 


- 


- 


160 


ns 


Oscillator Stabilization Time 


*RC 


Fig. 11 


20 


- 


- 


20 


- 


- 


20 


- 


- 


ms 


Reset Pulse Width 


PWrst 




3 


- 


- 


3 


- 


- 


3 


- 


- 


t c y c 



* These timings change in approximate 
(<• in the highest speed operation). 



proportion to t C y C . The figures in this characteristics represent those when t cyc is minimum 



PERIPHERAL PORT TIMING 







Symbol 


Test 
Condition 


HD6303X 


HD63A03X 


HD63B03X 


Unit 




min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


Peripheral Data 
Set-up Time 


Ports 2, 5, 6 


tpQSU 


Fig. 5 


200 


- 


- 


200 


- 


- 


200 


- 


- 


ns 


Peripheral Data 
Hold Time 


Ports 2, 5, 6 


tpDH 


Fig. 5 


200 


- 


- 


200 


- 


- 


200 


- 


- 


ns 


Delay Time (Enable 
Negative Transition to 
Peripheral Data Valid) 


Ports 2, 6 


tpwD 


Fig. 6 


- 


- 


300 


- 


- 


300 


- 


- 


300 


ns 
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TIMER. SCI TIMING 



Item 


Symbol 


Test 
Condition 


HD6303X 


HD63A03X 


HD63B03X 


Unit 


min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


Timer 1 Input Pulse Width 


tpWT 


Fig. 8 


2.0 


- 


- 


2.0 


- 


- 


2.0 


- 


- 


tcyc 


Delay Time (Enable Positive 
Transition to Timer Output) 


t-roD 


Fig. 7 


- 


- 


400 


- 


- 


400 


- 


- 


400 


ns 


SCI Input 


Async. Mode 


*Scyc 


Fig. 8 


1.0 


- 


- 


1.0 


- 


- 


1.0 


- 


- 


t c y c 


Clock Cycle 


Clock Sync. 


Fig. 4, 8 


2.0 


- 


- 


2.0 


- 


- 


2.0 


- 


- 


*cyc 


SCI Transmit Data Delay 
Time (Clock Sync. Mode) 


tTXD 


Fig. 4 


- 


- 


200 


- 


- 


200 


- 


- 


200 


ns 


SCI Receive Data Set-up 
Time (Clock Sync. Mode) 


tSRX 


290 


- 


- 


290 


- 


- 


290 


- 


- 


ns 


SCI Receive Data Hold Time 
(Clock Sync. Mode) 


l HRX 


100 


- 


- 


100 


- 


- 


100 


- 


- 


ns 


SCI Input Clock Pulse Width 


tpwSCK 


Fig. 8 


0.4 


- 


0.6 


0.4 


- 


0.6 


0.4 


- 


0.6 


*Scyc 


Timer 2 Input Clock Cycle 


*tcyc 


2.0 


- 


- 


2.0 


- 


- 


2.0 


- 


- 


t c y c 


Timer 2 Input Clock Pulse 
Width 


tpWTCK 


200 


- 


- 


200 


- 


- 


200 


- 


- 


ns 


Timer 1*2, SCI Input Clock 
Rise Time 


*CKr 


- 


- 


100 


- 


- 


100 


- 


- 


100 


ns 


Timer 1*2, SCI Input Clock 
Fall Time 


tCKf 


- 


- 


100 


- 


- 


100 


- 


- 


100 


ns 
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RD.WR 



MPU Write 
Do~D 7 



MPU Read 
Do~D 7 



LIR 



tRWD 



m "" tHRW 



-PWrw- 



0.8V 



)r 



-tDDW- 



< 



-tMW-» 



2.4V 
• 0.8V 



J- 



< 



"■ •■ tHR 



2.0V 
0.8V 



> 



-tDlR- 



— ■ I tHLR 



^r08V 



Figure 1 Bus Timing 



MR 



r^-r 



-PWemr 



\ 



8V 



■ •— HtsMR 



Is— *J 



-tpCf 



Figure 2 Memory Ready and E Clock Timing 
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Last Instruction 
Execution Cycle 



HALT Cycle 



Instruction Execution 
Cycle 



HALT 



BA 






/ \ i 



rXJ^S\-T\-T 



_0_8Vjt 



tpCr— "■ 



T 



\ 



8V 



Synchronous Clock 



Transmit Data 



Receive Data 



Figure 3 HALT and BA Timing 



^wyCTLJ 



X 



•2.4V 
-0.8V 



X 






X 



' 2.0V is high level when clock input. 
2.4V is high level when clock output. 



Figure 4 SCI Clocked Synchronous Timing 



tpDSU 
P20-P27 tt^ts 

p 6 o-P67 2J|vy 

(Inputs) 



2.4V; c 

0.8V/ 

^r~J ^t P pH_ 



MPU Read 



Data Valid 



\ 







8V 



I — MPU Write 
0.8V\ / 



tpWD 



P20~P27 
P60-P67. 

(Outputs) 



Xfrff Data VMM 



Figure 5 Port Data Set-up and Hold Times (MPU Read) 



Figure 6 Port Data Delay Times (MPU Write) 
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P21. P2S 
Outputs 



T2CNT 



P 26 Output 




(a) Timer 1 Output Timing 



(b) Timer 2 Output Timing 



Figure 7 Timer Output Timing 




* Timer 2; ttcyc ** Timer 1 ;tpwT 
SCI .tscyc Timer 2; tpwTCK 

SCI ;tpwsCK 



Figure 8 Timer 1*2, SCI Input Clock Timing 



Test Point O 




R L = 2.2kQ 

f 1S2074® 
or Equiv. 



C =90pF for D ~D 7 , A ~A JLL , E _ 

=30pF for Port 2, Port 6, RD, WR, R/W, BA, LIR 
R=12kJ2for Dq2" D 7- A ~Ai 5t E, Port 2, Port 6, 
RD, WR, R/W, BA, LIR 

Figure 9 Bus Timing Test Loads (TTL Load) 



Jij~Lnjnj^jijnjnjijijnjTJTJi_n_n_ 



Internal 


X 


y y y y 




X 


ifi51. IRQs 


0.8VV_ 


Op Code Op Code FFFF 
Address Address +1 


SP SP-1 SP-2 SP-3 SP-4 SP-5 SP 6 jjJ|J or V|Ctor New 

Address Address Address 




-H 


~— tpcs 


Internal 


X 






X 



Op Operand Irrelevant PCO - PC8- 1X0- 1X8- ACCA ACCB CCR Vector Vector First Inst of 
Code Op Code Data p C? p C1S 1X7 1X15 ■ — 



MSB LSB Interrupt Routine 



Figure 10 Interrupt Sequence 
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»~UTJ"1JTJTTUTJ1JTJ^ 



v „# 






^ 



JFZ™ 






■H— -A V 



\/\_/Y/t7T>^"""" 




UI^^ 



PC8- PCO- First 

PC15 PC7 Instruction 



Figure 11 Reset Timing 



■ FUNCTIONAL PIN DESCRIPTION 

• Vcc.Vss 

Vcc and Vss provide power to the MPU with 5 V± 10% sup- 
ply. In the case of low speed operation (fmax = 500kHz), the 
MPU can operate with three through six volts. Two Vss P ms 
should be tied to ground. 

• XTAL, EXTAL 

These two pins interface with an AT-cut parallel resonant 
crystal. Divide-by-four circuit is on chip, so if 4MHz crystal 
oscillator is used, the system clock is 1MHz for example. 

AT Cut Parallel Resonant Crystal Oscillator 

Co=7pF max 
Rs=60Q max 



XTAL 



EXTAL 



CD 



1 



1 



Ch=Cl2 

= 10pF-22pF+20% 
(3.2~8MHz) 



!Cl2 -_Cli 

r TTT 
(a) Crystal Interface 



XTAL 
EXTAL 



N.C. 
^External Clock 



(b) External Clock 
Figure 12 Connection Circuit 



EXTAL pin is drivable with the external clock of 45 to 
50% duty, and one fourth frequency of the external clock 
is produced in the LSI. The external clock frequency should 
be less than four times of the maximum operable frequency. 
When using the external clock, XTAL pin should be open. 
Fig. 12 shows examples of connection circuit. The crystal and 
Cli, Cl 2 should be mounted as close as possible to XTAL 
and EXTAL pins. Any line must not cross the line between the 
crystal oscillator and XTAL, EXTAL. 



• STBY 

This pin makes the MPU standby mode. In "Low" level, the 
oscillation stops and the internal clock is stabilized to make 
reset condition. To retain the contents of RAM at standby, 
"0" should be written into RAM enable bit (RAME). RAME 
is the bit 6 of the RAM/port 5 control register at $0014. RAM 
is disabled by this operation and its contents is sustained. 

Refer to "LOW POWER DISSIPATION MODE" for the 
standby mode. 

• Reset (RES) 

This pin is used to reset the MPU from power OFF state 
and to provide a startup procedure. During power-on, RES 
pin must be held "Low" level for at least 20ms. 

The CPU registers (accumulator, index register, stack pointer, 
condition code register except for interrupt mask bit), RAM 
and the data register of a port are not initialized during reset, 
so their contents are unknown in this proc edure . 

To reset the MPU during operation, RES should be held 
"Low" for at least 3 system-clock cycles. At the 3rd cycle 
durin g "Low" level, all the address buses become "High". When 
RES remains "Low", the address buses keep "High". If RES 
becomes "High", the MPU starts the next operation. 
( 1 ) Latch the value of the mode program pins ; MP and MP i . 
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(2) Initialize each internal register (Refer to Table 3). 

(3) Set the interrupt m ask b it . For the CPU to recognize the 
maskable interrupts IRQ, , IRQ 2 and IRQ 3 , this bit should 
be cleared in advance. 

(4) Put the contents (= start address) of the last two addresses 
(SFFFE, $FFFF) into the program counter and start the 
program from this address. (Refer to Table 1 ). 

*The MPU is usable to accept a reset input until the clock 
becomes normal oscillation after power on (max. 20ms). During 
this transient time, the MPU and I/O pins are undefined. Please 
be aware of this for system designing. 

• Enable (E) 

This pin provides a TTL-compatible system clock to external 
circuits. Its frequency is one fourth that of the crystal oscillator 
or external clock. This pin can drive one TTL load and 90pF 
capacitance. 

• Non-Maskable Interrupt (NMI) 

When the falling edge of the input signal is detected at this 
pin, the CPU begins non-maskable interrupt sequence internally. 
As well as the IRQ mentioned below, the instruction being 
executed at NMI signal detection will proceed to its completion. 
The interrupt mask bit of the condition code register doesn't 
affect non-maskable interrupt at all. 

When starting the acknowledge to the NMI, the contents of 
the program counter, index register, accumulators and condition 
code register will be saved onto the stack. Upon completion 



of this sequence, a vector is fetched from $FFFC and $FFFD 
to transfer their contents into the program counter and branch 
to the non-maskable interrupt service routine. After reset start, 
the stack pointer should be initialized on an appr opreate mem- 
ory area and then the falling edge be input to NMI pin. 

• Interrupt Request (IRQ, , IRQ 2 ) 

These are level-sensitive pins which request an internal 
interrupt sequence to the CPU. At interrupt request, the CPU 
will complete the current instruction before its request acknowl- 
edgement. Unless the interrupt mask in the condition code 
register is set, the CPU starts an interrupt sequence; if set, the 
interrupt request will be ignored. When the sequence starts, the 
contents of the program counter, index register, accumulators 
and condition code register will be saved onto the stack, then 
the CPU sets the interrupt mask bit and will not acknowledge 
the maskable request. During the last cycle, the CPU fetches 
vectors depicted in Table 1 and transfers their contents to the 
program counter and branches to the service ro utine. 

The CPU uses the external interrupt pins, IRQ, and IRQ 2 
also as port pins P so and P s ,, so it provides an enable bit to 
Bit and 1 of the RAM port 5 control register at $0014. Refer 
to "RAM/PORT 5 CONTROL REGISTER" for the details. 

When one of the internal interrupts, ICI, OCI, TOI, CMI or 
SIO is generated, the CPU produces in ternal int errup t signal 
(IRQ 3 ). IRQ3 functions just the same as IRQ, or IRQ 2 except 
for its vector address. Fig. 1 3 shows the block diagram of the 
interrupt circuit. 



Table 1 Interrupt Vector Memory Map 







Vector 


Interrupt 






MSB 


LSB 




Highest 


FFFE 


FFFF 


RES 




1 


FFEE 


FFEF 


TRAP 




FFFC 


FFFD 


NMI 




FFFA 


FFFB 


SWI (Software Interrupt) 






FFF8 


FFF9 


iro; 




FFF6 


FFF7 


ICI (Timer 1 Input Capture) 




FFF4 


FFF5 


OCI (Timer 1 Output Compare 1, 2) 




FFF2 


FFF3 


TOI (Timer 1 Overflow) 




FFEC 


FFED 


CMI (Timer 2 Counter Match) 


' 


FFEA 


FFEB 


IRQ 2 


Lov 


vest 


FFFO 


FFF1 


SIO (RDRF+ORFE+TDRE) 
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Each Register's Interrupt 

Enable Flag 

"1"; Enable, "0"; Disable 



IRQs 




Sleep 
Cancel 



SWI 



Figure 13 Interrupt Circuit Block Diagram 



• Mode Program (MP , MP 1 ) 

To operate MPU. MP pin should be connected to "High" 
level and MP, should be connected to "Low" level (refer to 
Fig. 1 5). 

• Read/Write (R/W) 

This signal, usually be in read state ("High"), shows whether 
the MPU is in read ("High") or write ("Low") state to the 
peripheral or memory devices. This can drive one TTL load 
and 30pF capacitance. 

• RD.WR 

These signals show active low outputs when the CPU is 
reading/writing to the peripherals or memories. This enables 
the CPU easy to access the peripheral LSI with RD and WR 
input pins. These pins can drive one TTL load and 30pF capaci- 
tance. 

• Load Instruction Register (OR) 

This signal shows the instruction opecode being on data 
bus (active low). This pin can drive one TTL load and 30pF 
capacitance. 

• Memory Ready (MR; P s2 ) 

This is the input control signal which stretches the system 
clock's "High" period to access low-speed memories. During 
this signal being in "High", the system clock operates in normal 
sequence. But this signal in "Low", the "High" period of the 
system clock will be stretched depending on its "Low" level 
duration in integral multiples of the cycle time. This allows the 
CPU to interface with low-speed memories <see Fig. 2). Up to 



9 jus can be stretched. 

During internal address space access or nonvalid memory 
access, MR is prohibited internally to prevent decrease of oper- 
ation speed. Even in the halt state, MR can also stretch "High" 
period of system clock to allow peripheral devices to access 
low-speed memories. As this signal is used also as P S2 , an enable 
bit is provided at bit 2 of the RAM/port 5 control register at 
$0014. Refer to "RAM/PORT 5 CONTROL REGISTER" for 
more details. 



• Halt (HALT; P s3 ) 

This is an input control signal to stop instruction execution 
and to release buses free. When this signal switches to "Low", 
the CPU stops to enter into the halt state after having executed 
the present instruction. When entering into the halt state, it 
makes BA (P^) "High" and also an address bus, data bus, RD, 
WR, R/W in high impedance. When an interrupt is generated 
in the halt state, the CPU uses the interrupt handler after the 
halt is cancelled. When halted during the sleep state, the CPU 
keeps the sleep state, while BA is "High" and releases the buses. 
Then t he CPU returns to the previous sleep state when the 
HALT signal becomes "High". The same thing can be said when 
the CPU is in the interrupt wait state after having executed the 
WAI instruction. 

• Bus Available (BA) 

This is an output control sign al whic h is normally "Low" 
but "High" when the CPU accepts HALT and releases the buses. 
The HD6800 and HD6802 make BA "High" and release the 
buses at WAI execution, while the HD6303X doesn't make 
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BA "High" under the same condition. But if the HALT becomes 
"Low" when the CPU is in the interrupt wait state after having 
executed the WAI, th e CPU makes BA "High" and releases the 
buses. And when the HALT becomes "High", the CPU returns 
to the interrupt wait state. 

■ PORT 

The HD6303X provides three I/O ports. Table 2 gives the 
address of ports and the data direction register and Fig. 14 
the block diagrams of each port. 

Table 2 Port and Data Direction Register Address 



Port 


Port Address 


Data Direction Register 


Port 2 


$0003 


$0001 


Port 5 


$0015 


- 


Port 6 


$0017 


$0016 



• Port 2 

An 8-bit input/output port. The data direction register 



(DDR) of port 2 is responsible for I/O state. It provides two 
bits; bit decides the I/O direction of P 20 and bit 1 the I/O 
direction of P 2 i to P 27 ("0" for input, "1" for output). 

Port 2 is also used as an I/O pin for the timers and the 
SCI. When used as an I/O pin for the timers and the SCI, port 
2 except P 20 automatically becomes an input or an output 
depending on their functions regardless of the data direction 
register's value. 

Port 2 Data Direction Register 



$0001 



A reset clears the DDR of port 2 and configures port 2 as an 
input port. This port can drive one TTL and 30pF. In addition, 
it can produce 1mA current when Vout = 1 .5V to drive directly 
the base of Darlington transistors. 



7 


6 


5 


4 


3 


2 


1 

















DDR 
1-7 


DDR 




Port Write Signal 

| Port Output Enable 



Port Write Signal 



Data Bus 



Timer 1,2 
SCI Output 



Timer 1 , 2,_ 
SCI Input 



Data Bus 




Port 5 



Data Bus -» 



Timer 1 Input 
|Pj„ only) 




Port 6, Port 2 (Bit 0) 



<^ 



Figure 14 Port Block Diagram 



• Port 5 

An 8-bit port for input only. The lo wer fou r bits are also 
usable as input pins for interrupt, MR and HALT. 

• Port 6 

An 8-bit I/O port. This port provides an 8-bit DDR corre- 
sponding to each bit and can specify input or output by the 
bit ("0" for input, "1" for output). This port can drive one 
TTL load and 30pF. A reset clears the DDR of port 6. In 
addition, it can produce 1mA current when Vout = 1.5V to 
drive directly the base of Darlington transistors. 

■ BUS 

• D ~D 7 

These pins are data bus and can drive one TTL load and 
90pF capacitance respectively. 



• A ~A 1S 

These pins are address bus and can drive one TTL load and 
90pF capacitance respectively. 

■ RAM/PORT 5 CONTROL REGISTER 

The control register located at $0014 controls on-chip 
RAM and port 5. 

RAM/Port 5 Control Register 



$0014 



Bit 0, Bit 1 IRQ, , IRQ 2 Enable Bit (IRQ,E, IRQ 2 E) 

When using P so and P s! as interrupt pins, write "1" in 
these bits. When "0", the CPU doesn't accept an external 
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4 


3 
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1 





STBY 
PWR 


RAME 






HLTE 


MRE 


IRQ 2 
E 


IRQ. 
E 
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interrupt or a sleep cancellation by the external interrupt. 
These bits become "0" during reset. 

Bit 2 Memory Ready Enable Bit (WIRE) 

When using P S2 as an input for Memory Ready signal, write 
"1" in this bit. When "0", the memory ready function is pro- 
hibited. This bit becomes " 1 " during reset. 

Bit 3 Halt Enable bit (HLTE) 

When using P S3 as an input for Halt signal, write "1" in this 
bit. When "0", the halt function is prohibited. This bit becomes 
"1" during reset. 

Bit 4, Bit 5 Not Used. 

Bit 6 RAM Enable (RAME) 

On-chip RAM can be disabled by this control bit. The 
MPU Reset sets "1" at this bit and enables on-chip RAM 
available. This bit can be written "1" or "0" by software. 
When RAM is in disable condition (= logic "0"). on-chip RAM 
is invalid and the CPU can read data from external memory. 
This bit should be "6" at the beginning of standby mode to 
protect on-chip RAM data. 

Bit 7 Standby Power Bit (STBY PWR) 

When Vcc is not provided in standby mode, this bit is 
cleared. This is a flag for both read/write by software. If this bit 
is set before standby mode, and remains set even after returning 
from standby mode, V C c voltage is provided during standby 
mode and the on-chip RAM data is valid. 
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Figure 15 Operation Mode 



■ MEMORY MAP 

The MPU can address up to 65k bytes. Fig. 16 gives memory 
map of HD6303X. 32 internal registers use addresses from "00" 
as shown in Table 3. 



Table 3 Internal Register 



Address 


Registers 


R/W*** 


Initialize at RESET 


00 


- 


- 


- 


01 


Port 2 Data Direction Register 


w 


$FC 


02* 


- 


- 


- 


03 


Port 2 


R/W 


Undefined 


04* 


- 


- 


- 


05 


- 


- 


- 


06* 


- 


- 


- 


07* 


- 


- 


- 


08 


Timer Control/Status Register 1 


R/W 


$00 


09 


Free Running Counter ("High") 


R/W 


$00 


0A 


Free Running Counter ("Low") 


R/W 


$00 


0B 


Output Compare Register 1 ("High") 


R/W 


$FF 


OC 


Output Compare Register 1 ("Low") 


R/W 


$FF 


OD 


Input Capture Register ("High") 


R 


$00 


OE 


Input Capture Register ("Low") 


R 


$00 


OF 


Timer Control/Status Register 2 


R/W 


$10 


10 


Rate, Mode Control Register 


R/W 


$00 


11 


Tx/Rx Control Status Register 


R/W 


$20 


12 


Receive Data Register 


R 


$00 


13 


Transmit Data Register 


W 


$00 


14 


RAM/Port 5 Control Register 


R/W 


$7C or $FC 


15 


Port 5 


R 


- 


16 


Port 6 Data Direction Register 


W 


$00 



(continued) 
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Table 3 Internal Register 



Address 


Registers 


R/W*** 


Initialize at RESET 


17 


Port 6 


R/W 


Undefined 


18* 


- 


- 


- 


19 


Output Compare Register 2 ("High") 


R/W 


$FF 


1A 


Output Compare Register 2 ("Low") 


R/W 


$FF 


1B 


Timer Control/Status Register 3 


R/W 


$20 


1C 


Time Constant Register 


W 


$FF 


1D 


Timer 2 Up Counter 


R/W 


$00 


1E 


- 


- 


- 


1F ,# 


Test Register 


- 


- 



' External Address. 

' Test Register. Do not access to this- register. 

' R : Read Only Register 

W : Write Only Register 

R/W : Read/Write Register 



HD6303X 
Expanded Mode 



$0000 
$00 IF 
$0040 



$00FF 




$FFFF 



Internal* 

Registers 

' External 

) Memory 

Space 

Internal 
RAM 



External 
Memory 
Space 



* Excludes the following addresses 
which may be used externally: 
$02. $04, $06, $07. $18. 



Figure 16 HD6303X Memory Map 

■ TIMER 1 

The HD6303X provides a 1 6-bit programmable timer which 
can measure an input waveform and generate two independent 
output waveforms. The pulse widths of both input/output 
waveforms vary from microseconds to seconds. 

Timer 1 is configurated as follows (refer to Fig. 18). 

• Control/Status Register 1 (8 bit) 

• Control/Status Register 2 (7 bit) 

• Free Running Counter (16 bit) 

• Output Compare Register 1 (16 bit) 

• Output Compare Register 2(16 bit) 

• Input Capture Register (1 6 bit) 

• Free-Running Counter (FRO ($0009 : 000A) 

The key timer element is a 16-bit free-running counter driven 



and incremented by system clock. The counter value is readable 
by software without affecting the counter. The counter is 
cleared by reset. 

When writing to the MSB byte ($09), the CPU writes the 
preset value (SFFF8) into the counter (address $09, $0A) 
regardless of the write data value. But when writing to the 
LSB byte ($0A) after MSB byte writing, the CPU write not 
only LSB byte data into lower 8 bit, but also MSB byte data 
into higher 8 bit of the FRC. 

The counter will be as follows when the CPU writes to it 
by double store instructions (STD, STX etc.). 



$09 Write 



$0A Write 



($5A) 



Counter value 



($F3) 



1 



$FFF8 



$5AF3 



In the case of the CPU write ($5AF3) to the FRC 
Figure 17 Counter Write Timing 

• Output Compare Register (OCR) 
($000B,$0OOC; OCR1) ($0019, $001 A ;OCR2) 

The output compare register is a 16-bit read/write register 
which can control an output waveform. It is always compared 
with the FRC. 

When data matches, output compare flag (OCF) in the timer 
control/status register (TCSR) is set. If an output enable bit 
(OE) in the TCSR2 is "1", an output level bit (OLVL) in the 
TCSR will be output to bit 1 (Tout 1) and bit 5 (Tout 2) of 
port 2. To control the output level again by the next compare, a 
change is necessary for the OCR and OLVL. The OCR is set to 
$FFFF at reset. The compare function is inhibited for a cycle 
just after a write to the OCR or to the upper byte of the 
FRC. This is to set the 16-bit value valid in the register for 
compare. In addition, it is because $FFF8 is set at the next 
cycle of the CPU's MSB byte write to the FRC. 

* For data write to the FRC or the OCR, 2-byte transfer 
instruction (such as STX etc.) should be used. 

• Input Capture Register (ICR) ($000D : 000E) 

The input capture register is a 16-bit read only register which 
stores the FRC's value when external input signal transition 
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generates an input capture pulse. Such transition is defined by 
input edge bit (IEDG) in the TCSRI . 

In order to input the external input signal to the edge 
detecter, a bit of the DDR corresponding to bit of port 2 
should be cleared ("0"). When an input capture pulse occures 
by input transition at the next cycle of CPU's high-byte read of 
the ICR, the input capture pulse will be delayed by one cycle. 
In order to ensure the input capture operation, a CPU read of 
the ICR needs 2-byte transfer instruction. The input pulse width 
should be at least 2 system cycles. This register is cleared 
($0000) during reset. 

• Timer Control/Status Register 1 (TCSRI) ($0008) 

The timer control/status register 1 is an 8-bit register. All bits 
are readable and the lower 5 bits are also writable. The upper 3 
bits are read only which indicate the following timer status. 
Bit 5 The counter value reached to $0000 as a result of 

counting-up (TOF). 
Bit 6 A match has occured between the FCR and the OCR 1 

(OCF1). 
Bit 7 Defined transition of the timer input signal causes the 
counter to transfer its data to the ICR (ICF). 
The followings are each bit descriptions. 

Timer Control/Status Register 1 



ICF OCF1 TOF EICI EOCI1 ETOI IEDG OLVL1 $0008 



BitO OLVL1 Output Level! 

OLVL1 is transferred to port 2, bit 1 when a match 
occurs between the counter and the OCR1. If OE1, 
namely, bit of the TCSR2, is set to "1", OLVL1 will 
appear at bit 1 of port 2. 
Bit 1 IEDG Input Edge 

This bit determines which rising edge or falling of 
input signal of port 2, bit will trigger data transfer 
from the counter to the ICR. For this function, the 
DDR corresponding to port 2, bit should be cleared 
beforehand. 
IEDG=0, triggered on a falling edge 

("High" to "Low") 
IEDG=1, triggered on a rising edge 
("Low" to "High") 
Bit 2 ETOI Enable Timer Overflow Interrupt 

When this bit is set, an internal interrupt (IRQ3) by 
TOI interrupt is enabled. When cleared, the interrupt is 
inhibited. 
Bit 3 EOCI1 Enable Output Compare Interrupt 1 

When this bit is set, an internal interrupt (IRQ3) by 
OCI1 interrupt is enabled. When cleared, the interrupt 
is inhibited. 
Bit 4 EICI Enable Input Capture Interrupt 

When this bit is set, an internal interrupt (IRQ3) by 
ICI interrupt is enabled. When cleared, the interrupt is 
inhibited. 
Bit 5 TOF Timer Overflow Flag 

This read only bit is set when the counter incre- 
ments from $FFFF by 1 . Cleared when the counter's 
MSB byte ($0009) is ready by the CPU following the 
TCSRI read. 
Bit 6 OCF1 Output Compare Flag 1 

This read only bit is set when a match occurs be- 
tween the OCR1 and the FRC. Cleared by writing to 



the OCR1 ($000B or $000C) following the TCSRI or 
TCSR2 read. 
Bit 7 ICF Input Capture Flag 

This read only bit is set when an input signal of 
port 2, bit makes a transition as defined by IEDG and 
the FRC is transferred to the ICR. Cleared when reading 
the MSB byte ($0000D) of the ICR following the 
TCSRI or TCSR2 read. 

• Timer Control/Status Register 2 (TCSR2) ($000F) 

The timer control/status register 2 is a 7-bit register. All bits 
are readable and the lower 4 bits are also writable. But the 
upper 3 bits are read-only which indicate the following timer 
status. 
Bit 5 A match has occured between the FRC and the OCR2 

(OCF2). 
Bit 6 The same status flag as the OCF1 flag of the TCSRI, 

bit 6. 
Bit 7 The same status flag as the ICF flag of the TCSRI , bit 7. 

The followings are each bit descriptions. 

Timer Control/Status Register 2 
7 6 5 4 3 2 10 



ICF OCF1 OCF2 - EOCI2 0LVL2 OE2 OE1 $000F 



BitO OE1 Output Enable 1 

This bit enables the OLVL1 to appear at port 2, bit 

1 when a match has occurred between the counter and 

the output compare register 1 . When this bit cleared, bit 

1 of port 2 will be I/O port. When set, it will be an 

output of OLVL1 automatically. 
Bit 1 OE2 Output Enable 2 

This bit enables the OLVL2 to appear at port 2, bit 

5 when a match has occurred between the counter and 

the output compare register 2. When this bit cleared, 

port 2, bit 5 will be I/O port. When set, it will be an 

output of OLVL2 automatically. 
Bit 2 OLVL2 Output Level 2 

OLVL2 is transferred to port 2, bit 5 when a match 

has occurred between the counter and the OCR2. If 

OE2, namely bit 5 of the TCSR2, is set to "1", OLVL2 

will appear at port 2, bit 5. 
Bit 3 EOCI2 Enable Output Compare Interrupt 2 

When this bit is set, an internal interrupt (IRQ3) by 

OCI2 interrupt is enabled. When cleared, the interrupt 

is inhibited. 
Bit 4 Not Used 
Bit 5 OCF2 Output Compare Flag 2 

This read-only bit is set when a match has occurred 

between the counter and the OCR2. Cleared when 

writing to the OCR2 ($0019 or $001A) following the 

TCSR2 read. 
Bit 6 OCF1 Output Compare Flag 1 
Bit 7 ICF Input Capture Flag 

OCF1 and ICF addresses are partially decoded. 

CPU read of the TCSRI /TCSR2 makes it possible to 

read OCF1 and ICF into bit 6 and bit 7. 
Both the TCSRI and TCSR2 will be cleared during reset. 
(Note) If OE1 or OE2 is set to "1" before the first output 

compare match occurs after reset restart, bit 1 or bit 5 

of port 2 will produce "0" respectively. 
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Figure 18 Timer 1 Block Diagram 



(Note) Because the set condition of ICF precedes its reset 
condition, ICF is not cleared when the set condition 
and the reset condition occur simultaneously. The 
same phenomenon applies to 0CF1, 0CF2 or TOF 
respectively. 

■ TIMER 2 

In addition to the timer 1 , the HD6303X provides an 8-bit 
reloadable timer, which is capable of counting the external 
event. This timer 2 contains a timer output, so the MPU can 
generate three independent waveforms (refer to Fig. 19). 
The timer 2 is configured as follows: 
Control/Status Register 3 (7 bit) 
8-bit Up Counter 
Time Constant Register (8 bit) 

• Timer 2 Up Counter (T2CNT) ($001 D) 

This is an 8-bit up counter which operates with the clock 
decided by CKSO and CKS1 of the TCSR3. The counter is 
always readable without affecting itself. In addition, any value 
can be written to the counter by software even during counting. 

The counter is cleared when a match occurs between the 
counter and the TCONR or during reset. 

If a write operation is made by software to the counter at the 
cycle of counter clear, it does not reset the counter but put the 
write data to the counter. 



• Time Constant Register (TCONR) ($001 C) 

The time constant register is an 8-bit write only register. It 
is always compared with the counter. 

When a match has occurred, counter match flag (CMF) of 
the timer control status register 3 (TCSR3) is set and the value 
selected by TOSO and TOS1 of the TCSR3 will appear at port 2, 
bit 6. When CMF is set, the counter will be cleared simultane- 
ously and then start counting from $00. This enables regular 
interrupts and waveform outputs without any software support. 
The TCONR is set to "$FF" during reset. 

• Timer Control/Status Register 3 (TCSR3) ($001 B) 

The timer control/status register 3 is a 7-bit register. All bits 
are readable and 6 bits except for CMF can be written. 
The followings are each pin descriptions. 

Timer Control/Status Register 3 

7 6 5 4 3 2 10 



CMF ECMI — T2E TOS1 TOSO CKS1 CKSO $Q01B 
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^- Port 2 
Bit 6 



TCSR3 
$00 1B 



IRQ3- ( I 



Figure 19 Timer 2 Block Diagram 



Bit CKSO Input Clock Select 

Bit 1 CKS1 Input Clock Select 1 

Input clock to the counter is selected as shown in 
Table 4 depending on these two bits. When an external 
clock is selected, bit 7 of port 2 will be a clock input 
automatically. Timer 2 detects the rising edge of the 
external clock and increments the counter. The external 
clock is countable up to half the frequency of the 
system clock. 





Table 4 1 nput Clock Select 


CKS1 


CKSO 


Input Clock to the Counter 








E clock 





1 


E clock/8* 


1 





E clock/ 128* 


1 


1 


External clock 



* These clocks come from the FRC of the timer 1 . If one of these clocks 
is selected as an input clock to the up counter, the CPU should not 
write to the FRC of the timer 1. 

Bit 2 TOSO Timer Output Select 

Bit 3 TOS1 Timer Output Select 1 

When a match occurs between the counter and the 
TCONR timer 2 outputs shown in Table 5 will appear at 
port 2, bit 6 depending on these two bits. When both 
TOSO and TOS1 are "0", bit 6 of port 2 will be an I/O 
port. 





Table E 


> Timer 2 Output Select 


TOS1 


TOSO 


Timer Output 








Timer Output Inhibited 





1 


Toggle Output* 


1 





Output "0" 


1 


1 


Output "1" 



* When a match occurs between the counter and the TCONR, timer 2 
output level is reversed. This leads to production of a square wave with 
50% duty to the external without any software support. 

Bit 4 T2E Timer 2 Enable Bit 

When this bit is cleared, a clock input to the up 
counter is prohibited and the up counter stops. When set 
to "1", a clock selected by CKS1 and CKSO (Table 4) 
is input to the up counter. 
(Note) P 26 produces "0" when T2E bit cleared and timer 2 set 
in output enable condition by TOS1 or TOSO. It also 
produces "0" when T2E bit set "1" and timer 2 set in 
output enable condition before the first counter match 
occurs. 
Not Used 
ECMI Enable Counter Match Interrupt 

When this bit is set, an internal interrupt (IRQ3) by 
CMI is enabled. When cleared, the interrupt is inhibited. 
CMF Counter Match Flag 

This read only bit is set when a match occurs between 
the up counter and the TCONR. Cleared by a software 
write (unable to write "1" by software). 
Each bit of the TCSR3 is cleared during reset. 



Bit 5 
Bit 6 



Bit 7 
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■ SERIAL COMMUNICATION INTERFACE (SCI) 

The HD6303X SCI contains two operation modes; one is an 
asynchronous mode by the NRZ format and the other is a 
clocked synchronous mode which transfer data synchronizing 
with the serial clock. 

The serial interface is configured as follows: 

• Control/Status Register (TRCSR) 

• Rate/Mode Control Register (RMCR) 

• Receive Data Register (RDR) 

• Receive Data Shift Register (RDSR) 

• Transmit Data Register (TDR) 

• Transmit Data Shift Register (TDSR) 

The serial I/O hardware requires an initialization by software 
for operation. The procedure is usually as follows: 

1) Write a desirable operation mode into each correspond- 
ing control bit of the RMCR. 

2) Write a desirable operation mode into each correspond- 
ing control bit of the TRCSR. 

When using bit 3 and 4 of port 2 for serial I/O only, there is 
no problem even if TE and RE bit are set. But when setting the 
baud rate and operation mode, TE and RE should be "0". When 
clearing TE and RE bit and setting them again, more than 1 bit 
cycle of the current baud rate is necessary. If set in less than 1 
bit cycle, there may be a case that the internal transmit/receive 
initialization fails. 

• Asynchronous Mode 

An asynchronous mode contains the following two data 
formats: 

1 Start Bit + 8 Bit Data + 1 Stop Bit 
1 Start Bit + 9 Bit Data + 1 Stop Bit 

In addition, if the 9th bit is set to "1" when making 9 
bit data format, the format of 

1 Start bit + 8 Bit Data + 2 Stop Bit 
is also transferred. 

Data transmission is enabled by setting TE bit of the TRCSR, 
then port 2, bit 4 will become a serial output independently of 
the corresponding DDR. 

For data transmit, both the RMCR and TRCSR should be 
set under the desirable operating conditions. When TE bit is 
set during this process, 10 bit preamble will be sent in 8 -bit data 
format and 1 1 bit in 9-bit data format. When the preamble is 
produced, the internal synchronization will become stable and 
the transmitter is ready to act. 

The conditions at this stage are as follows. 

1) If the TDR is empty (TDRE=1), consecutive l's are 
produced to indicate the idle state. 

2) If the TDR contains data (TDRE=0), data is sent to the 
transmit data shift register and data transmit starts. 

During data transmit, a start bit of "0" is transmitted first. 
Then 8-bit or 9-bit data (starts from bit 0) and a stop bit of "1" 



are transmitted. 

When the TDR is "empty", hardware sets TDRE flag bit. If 
the CPU doesn't respond to the flag in proper timing (the TDRE 
is in set condition till the next normal data transfer starts from 
the transmit data), "1" is transferred instead of the start bit "0" 
and continues to be transferred till data is provided to the data 
register. While the TDRE is "1", "0" is not transferred. 

Data receive is possible by setting RE bit. This makes port 2, 
bit 3 be a serial input. The operation mode of data receive is 
decided by the contents of the TRCSR and RMCR. The first 
"0" (space) synchronizes the receive bit flow. Each bit of the 
following data will be strobed in the middle. If a stop bit is not 
"1", a framing error assumed and ORFE is set 

When a framing error occurs, receive data is transferred to 
the receive data register and the CPU can read error-generating 
data. This makes it possible to detect a line break. 

If the stop bit is "1", data is transferred to the receive data 
register and an interrupt flag RDRF is set. If RDRF is still 
set when receiving the stop bit of the next data, ORFE is set to 
indicate overrun generation. 

When the CPU read the receive data register as a response to 
RDRF flag or ORFE flag after having read TRCS, RDRF or 
ORFE is cleared. 
(Note) Clock Source in Asynchronous Mode 

When using an internal clock for serial I/O, the follow- 
ings should be kept in mind. 

Set CC1 and CC0 to "1" and "0" respectively. 
A clock is generated regardless of the value of TE, 
RE. 

Maximum clock rate is E-H6. 
Output clock rate is the same as bit rate. 
When using an external clock for serial I/O, the follow- 
ings should be kept in mind. 

Set CC1 and CC0 in the RMCR to "1" and "1" re- 
spectively. 

The external clock frequency should be set 16 times 
of the applied baud rate. 

Maximum clock frequency is that of the system 
clock. 

• Clocked Synchronous Mode 

In the clocked synchronous mode, data transmit is 
synchronized with the clock pulse. The HD6303X SCI 
provides functionally independent transmitter and receiver 
which makes full duplex operation possible in the asynchronous 
mode. But in the clocked synchronous mode an SCI clock I/O 
pin is only P 2J , so the simultaneous receive and transmit 
operation is not available. In this mode, TE and RE should 
not be in set condition ("1") simultaneously. Fig. 21 gives a 
synchronous clock and a data format in the clocked synchro- 
nous mode. 
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Figure 20 Serial Communication Interface Block Diagram 



Data transmit is realized by setting TE bit in the TRCSR. 
Port 2, bit 4 becomes an output unconditionally independent 
of the value of the corresponding DDR. 

Both the RMCR and TRCSR should be set in the desirable 
operating condition for data transmit. 

When an external clock input is selected, data transmit is 



performed under the TDRE flag "0" from port 2, bit 4, syn- 
chronizing with 8 clock pulses input from external to port 2, 
bit 2. 

Data is transmitted from bit and the TDRE is set when the 
transmit data shift register is "empty". More than 9th clock 
pulse of external are ignored. 



<= 



3 Transmit Direction 



Synchronous 
clock 



TJTjn_njn_rLrLrLr 




Transmit data is produced from a falling edge of a synchronous clock to the next falling edge. 
Receive data is latched at the rising edge. 

Figure 21 Clocked Synchronous Mode Format 



When data transmit is selected to the clock output, the MPU 
produces transmit data and synchronous clock at TDRE flag 
clear. 

Data receive is enabled by setting RE bit. Port 2, bit 3 will 
be a serial input. The operating mode of data receive is decided 
by the TRCSR and the RMCR. 

If the external clock input is selected, RE bit should be 
set when P22 is "High". Then 8 external clock pulses and 
the synchronized receive data are input to port 2, bit 2 
and bit 3 respectively. The MPU put receive data into the 
receive data shift register by this clock and set the RDRF 
flag at the termination of 8 bit data receive. More than 9th 
clock pulse of external input are ignored. When RDRF is 
cleared by reading the receive data register, the MPU starts 



receiving the next data. So RDRF should be cleared with P 2 2 
"High". 

When data receive is selected to the clock output, 8 synchro- 
nous clocks are output to the external by setting RE bit. So re- 
ceive data should be input from external, synchronously with 
this clock. When the first byte data is received, the RDRF flag 
is set. After the second byte, receive operation is performed and 
output the synchronous clock to the external by clearing the 
RDRF bit. 

• Transmit/Receive Control Status Register (TRCSR) ($0011) 
The TRCSR is composed of 8 bits which are all readable. Bits 
to 4 are also writable. This register is initialized to $20 during 
reset. Each bit functions as follows. 
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Transmit/Receive Control Status Register 
7 6 5 4 3 2 10 



RDRF ORFE TDRE RIE RE TIE TE WU $0011 



Bit WU Wake-up 

In a typical multi-processor configuration, the 
software protocol provides the destination address at 
the first byte of the message. In order to make un- 
interested MPU ignore the remaining message, a wake-up 
function is available. By this, uninterested MPU can in- 
hibit all further receive processing till the next message 
starts. 

Then wake-up function is triggered by consecutive 
l's with 1 frame length (10 bits for 8-bit data, 11 for 
9-bit). The software protocol should provide the idle 
time between messages. 

By setting this bit, the MPU stops data receive till the 
next message. The receive of consecutive "1" with one 
frame length wakes up and clears this bit and then the 
MPU restarts receive operation. However, the RE flag 
should be already set before setting this bit. In the 
clocked synchronous mode WU is not available, so this 
bit should not be set. 
Bit 1 TE Transmit Enable 

When this bit is set, transmit data will appear at port 
2, bit 4 after one frame preamble in asynchronous mode, 
while in clocked synchronous mode appear immediately. 
This is executed regardless of the value of the cor- 
responding DDR. When TE is cleared, the serial I/O 
doesn't affect port 2, bit 4. 
Bit 2 TIE Transmit Interrupt Enable 

When this bit is set, an internal interrupt (IRQ3) is 
enabled when TDRE (bit 5) is set. When cleared, the 
interrupt is inhibited. 
Bit 3 RE Receive Enable 

When set, a signal is input to the receiver from port 
2, bit 3 regardless of the value of the DDR. When RE 
is cleared, the serial I/O doesn't affect port 2, bit 3. 
Bit 4 RIE Receive Interrupt Enable 

When this bit is set, an internal interrupt, IRQ3 is 
enabled when RDRF (bit 7) or ORFE (bit 6) is set. 
When cleared, the interrupt is inhibited. 
Bit 5 TDRE Transmit Data Register Empty 

TDRE is set when the TDR is transferred to the 
transmit data shift register in the asynchronous mode, 
while in clocked synchronous mode when the TDSR is 
"empty". This bit is reset by reading the TRCSR and 
writing new transmit data to the transmit data register. 
TDRE is set to "1" during reset. 
Bit 6 ORFE Overrun Framing Error 

ORFE is set by hardware when an overrun or a fram- 
ing error is generated (during data receive only). An 
overrun error occurs when new receive data is ready to 
be transferred to the RDR during RDRF still being set. 
A framing error occurs when a stop bit is "0". But in 



clocked synchronous mode, this bit is not affected. This 

bit is cleared when reading the TRCSR, then the RDR, 

or during reset. 
Bit 7 RDRF Receive Data Register Full 

RDRF is set when the RDSR is transferred to the 

RDR. Cleared when reading the TRCSR, then the RDR, 

or during reset. 
(Note) When a few bits are set between bit 5 to bit 7 in the 

TRCSR, a read of the TRCSR is sufficient for clearing 

those bits. It is not necessary to read the TRCSR every- 

time to clear each bit. 

• Transmit Rale/Mode Control Register (RMCR) 
The RMCR controls the following serial I/O: 



Baud Rate 
Clock Source 



Data Format 

Port 2, Bit 2 Function 



In addition, if 9-bit data format is set in the asynchronous 
mode, the 9th bit is put in this register. All bits are readable and 
writable except bit 7 (read only). This register is set to $00 
during reset. 

Transfer Rate/Mode Control Register 



RD8 


TD8 


SS2 


CC2 


CC1 


ceo 


SS1 


SSO 


BitO 
Bit 1 
Bit 5 


SSO' 

SS1 

SS2. 




Speed Sel 


BCt 







These bits control the baud rate used for the SCI. Table 
6 lists the available baud rates. The timer 1 FRC (SS2=0) and 
the timer 2 up counter (SS2=1) provide the internal clock to the 
SCI. When selecting the timer 2 as a baud rate source, it func- 
tions as a baud rate generator. The timer 2 generates the baud 
rate listed in Table 7 depending on the value of the TCONR. 
(Note) When operating the SCI with internal clock, do not 

perform write operation to the timer/counter which is 

the clock source of the SCI. 



Bit 2 CCO 
Bit 3 CC1 
Bit 4 CC2 



Clock Control/Format Select* 



These bits control the data format and the clock source 
(refer to Table 8). 

* CCO, CC1 and CC2 are cleared during reset and the MPU 
goes to the clocked synchronous mode of the external 
clock operation. Then the MPU forces port 2, bit 2 
in the clock input state. When using port 2, bit 2 as an 
output port, the DDR of port 2 should be set to "1" and 
CC1 and CCO to "0" and "1" respectively. 
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Table 6 SCI Bit Times and Transfer Rates 



(1) Asynchronous Mode 





SS1 


sso 


XTAL 


2.4576MHz 


4.0MHz 


4.9152MHz 


SS2 


E 


614.4kHz 


1.0MHz 


1.2288MHz 











Et16 


26/uS/38400Baud 


1 6//S 62500Baud 


1 3/jS 76800Baud 








1 


E^-128 


208>us/4800Baud 


128/*s/7812.5Baud 


104.2A/S/9600Baud 





1 





E-M024 


1 67ms/600Baud 


1.024ms/976.6Baud 


833.3^s/1200Baud 





1 


1 


E+4096 


6.67ms/150Baud 


4.096ms/244.1Baud 


3.333ms 300Baud 


1 


- 


- 


- 


* 


* 


* 



* When SS2 is "1", Timer 2 provides SCI clocks. The baud rate is shown as follows with the TCONR as N. 



Baud Rate 



32(N+1) 



f : input clock frequency to the 
timer 2 counter 

N = 0~255 



(2) Clocked Synchronous Mode 





SS1 


sso 


XTAL 


4.0MHz 


6.0MHz 


8.0MHz 


SS2 


E 


1.0MHz 


1.5MHz 


2.0MHz 











E-=-2 


2//S/bit 


1 .33/uS/bit 


1 /iS/bit 








1 


E-M6 


1 6//S/bit 


10.7jus/bit 


8/us/bit 





1 





E-M28 


128/iS bit 


85.3//s/bit 


64/ys/bit 





1 


1 


E-r512 


512//S/bit 


341 us bit 


256//s/bit 


1 


- 


- 


- 


* * 


* * 


* * 



8 Bit rates in the case of internal clock operation. In the case of external clock operation, the external clock is 
operatable up to DC ~ 1 /2 system clock. 



** The bit rate is shown as follows with the TCONR as N. 



Bit Rate (us/bit) = Ifljtll 



f : input clock frequency to the 
timer 2 counter 

N = 0-255 



Table 7 Baud Rate and Time Constant Register Example 



^ ~~-^^ XTAL 
BaudRate (Ba^dT^^ 


2.4576MHz 


3.6864MHz 


4.0MHz 


4.9152MHz 


8.0MHz 


110 


21* 


32* 


35* 


43* 


70* 


150 


127 


191 


207 


255 


51* 


300 


63 


95 


103 


127 


207 


600 


31 


47 


51 


63 


103 


1200 


15 


23 


25 


31 


51 


2400 


7 


11 


12 


15 


25 


4800 


3 


5 




7 


12 


9600 


1 


2 




3 




19200 









1 




38400 














* E/8 clock is input to the timer 2 up counter and E clock otherwise. 
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Table 8 SCI Format and Clock Source Control 



CC2 


CC1 


ceo 


Format 


Mode 


Clock Source 


Port 2, Bit 2 


Port 2, Bit 3 


Port 2, Bit 4 











8-bit data 


Clocked Synchronous 


External 


Input 











1 
1 


1 



1 


8-bit data 
8-bit data 
8-bit data 


Asynchronous 
Asynchronous 
Asynchronous 


I nternal 
Internal 
External 


Not Used** 

Output* 

Input 


When the TRCSR, RE bit is "1", 
bit 3 is used as a serial input. 


1 








8-bit data 


Clocked Synchronous 


Internal 


Output 




1 
1 
1 




1 
1 


1 



1 


9-bit data 
9-bit data 
9-bit data 


Asynchronous 
Asynchronous 
Asynchronous 


Internal 
Internal 
External 


Not Used** 

Output* 

Input 


When the TRCSR, TE bit is "1", 
bit 4 is used as a serial output. 



* Clock output regardless of the TRCSR, bit RE and TE. 
** Not used for the SCI. 



Bit 6 TD8 Transmit Data Bit 8 

When selecting 9-bit data format in the asynchron- 
ous mode, this bit is transmitted as the 9th data. In 
transmitting 9-bit data, write the 9th data into this bit 
then write data to the receive data register. 
Bit 7 RD8 Receive Data Bit 8 

When selecting 9-bit data format in the asynchronous 



mode, this bit stores the 9th bit data. In receiving 9-bit 
data, read this bit then the receive data register. 

■ TIMER, SCI STATUS FLAG 

Table 9 shows the set and reset conditions of each status 
flag in the timer 1 , timer 2 and SCI. 



Table 9 Timer 1 , Timer 2 and SCI Status Flag 





Set Condition 


Reset Condition 




ICF 


FRC -» ICR by edge input to P 20 . 


1. Read the TCSR1 or TCSR2 then ICRH, 
when ICF = 1 

2. EI3=0 




OCF1 


OCR1=FRC 


1. Read the TCSR1 or TCSR2 then write to the 
OCR1HorOCR1L,whenOCF1=1 

2. FJE5=0 


1 


OCF2 


OCR2=FRC 


1 . Read the TCSR2 then write to the OCR2H or 
OCR2L,whenOCF2 = 1 

2. R1S=0 




TOF 


FRC=$FFFF+1 cycle 


1. Read the TCSR1 then FRCH, when TOF = 1 

2. RE5=0 


Timer 
2 


CMF 


T2CNT=TCONR 


1 . Write "0" to CM F , when CM F = 1 

2. R"E3=0 




RDRF 


Receive Shift Register -»• RDR 


1 . Read the TRCSR then RDR, when RDRF= 1 

2. R~E5=0 


SCI 


ORFE 


1. Framing Error (Asynchronous Mode) 
Stop Bit = 

2. Overrun Error (Asynchronous Mode) 
Receive Shift Register -+ RDR when 
RDRF=1 


1. Read the TRCSR then RDR, when ORFE = 1 

2. RES=0 




TDRE 


1 . Asynchronous Mode 

TDR -*• Transmit Shift Register 

2. Clocked Synchronous Mode 
Transmit Shift Register is "empty" 

3. R"E3=0 


Read the TRCSR then write to the TDR, 
when TDRE = 1 



(Note) 1 

2. For 



transfer 

example; "ICRH" means High byte of ICR. 
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■ LOW POWER DISSIPATION MODE 

The HD6303X provides two low power dissipation modes; 
sleep and standby. 

• Sleep Mode 

The MPU goes tp the sleep mode by SLP instruction execu- 
tion. In the sleep mode, the CPU stops its operation, while the 
registers' contents are retained. In this mode, the peripherals 
except the CPU such as timers, SCI etc. continue their func- 
tions. The power dissipation of sleep-condition is one fifth that 
of operating condition. 

Th e MPU returns from this mo de b y an interrupt, RES or 
STBY; it goes to the reset state by RES and the standby mode 
by STBY. When the CPU acknowledges an interrupt request, it 
cancels the sleep mode, returns to the operation mode and 
branches to the interrupt routine. When the CPU masks this 
interrupt, it cancels the sleep mode and executes the next 
instruction. However, for example if the timer 1 or 2 prohibits 
a timer interrupt, the CPU doesn't cancel the sleep mode be- 
cause of no interrupt request. 

This sleep mode is effective to reduce the power dissipation 



for a system with no need of the HD6303X's consecutive 
operation. 

• Standby Mode 

The HD6303X stops all the clocks and goes to the reset 
state with STBY "Low". In this mode, the power dissipation is 
reduced conspicuously. All pins except for the power supply, 
the STBY and XTAL are detached from the MPU internally 
and go to the high impedance state. 

In this mode the power is supplied to the HD6303X, so 
the contents of RAM is retained. The MPU returns from this 
mode during reset. The followings are typical usage of this 
mode. 

Save the CPU information and SP contents on RAM by NMI. 
Then disable the RAME bit of the RAM control register and set 
the STBY PWR bit to go to the standby mode. If the STBY 
PWR bit is still set at reset start, that indicates the power is 
supplied to the MPU and RAM contents are retained properly. 
So system can restore itself by returning their pre-standby infor- 
mations to the SP and the CPU. Fig. 22 depicts the timing at 
each pin with this example. 




T) NMI 



(D STBY 



r 



r^i 


K— *l 


Save registers 


Oscillator 


RAM/Port 5 Control 


Start Time 


Register Set 





Figure 22 Standby Mode Timing 



■ TRAP FUNCTION 

The CPU generates an interrupt with the highest priority 
(TRAP) when fetching an undefined instruction or an instruc- 
tion from non-memory space. The TRAP prevents the system- 
burst caused by noise or a program error. 

• Op Code Error 

When fetching an undefined op code, the CPU saves CPU 
registers as well as a normal interrupt and branches to the TRAP 
(SFFEE, SFFEF). This provides the priority next to reset. 

• Address Error 

When an instruction fetch is made from internal register 
($0000~$001F), the MPU generates an interrupt as well as an 
op code error. But on the system with no memory in its ex- 
ternal memory area, this error processing is not applicable if 
an instruction fetch is made from the external non-memory 
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This processing is available only for an instruction fetch and 
is not applicable to the access of normal data read/write. 
(Note) The TRAP interrupt provides a retry function different- 
ly from other interrupts. This is a program flow return 
to the address where the TRAP occurs when a sequence 
returns to a main routine from the TRAP interrupt 
routine by RTI. The retry can prevent the system burst 
caused by noise etc. 

However, if another TRAP occurs, the program repeats 
the TRAP interrupt forever, so the consideration is 
necessary in programming. 

■ INSTRUCTION SET 

The HD6303X provides object code upward compatible 
with the HD6801 to utilize all instruction set of the 
HMCS6800. It also reduces the execution times of key instruc- 
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tions for throughput improvement. 

Bit manipulation instruction, change instruction of the 
index register and accumulator and sleep instruction are also 
added. 

The fallowings are explained here. 

• CPU Programming Model (refer to Fig. 23) 

• Addressing Mode 

• Accumulator and Memory Manipulation Instruction 
(refer to Table 10) 

• New Instruction 

• Index Register and Stack Manipulation Instruction 
(refer to Table 1 1 ) 

• Jump and Branch Instruction (refer to Table 12) 

• Condition Code Register Manipulation 
(refer to Table 13) 

• Op Code Map (refer to Table 1 4) 

• Programming Model 

Fig. 23 depicts the HD6303X programming model. The 
double accumulator D consists of accumulator A and B, so 
when using the accumulator D, the contents of A and B are 
destroyed. 



1 — 


* 


°M' 


B 


J 


15 




D 









[« 




X 




H 




|S- 




SP 




H 




E!_ 




PC 




• 



8-Bit Accumulator* A and B 

Of 16-Btl Doubt* Accumulator D 



01 Program Count 




Mall Carry (From Bit 31 



Figure 23 CPU Programming Model 

• CPU Addressing Mode 

The HD6303X provides 7 addressing modes. The addressing 
mode is decided by an instruction type and code. Table 10 
through 14 show addressing modes of each instruction with 
the execution times counted by the machine cycle. 

When the clock frequency is 4 MHz, the machine cycle time 
becomes microseconds directly. 
Accumulator (ACCX) Addressing 

Only an accumulator is addressed and the accumulator A or 
B is selected. This is a one-byte instruction. 
Immediate Addressing 

This addressing locates a data in the second byte of an 
instruction. However, LDS and LDX locate a data in the second 
and third byte exceptionally. This addressing is a 2 or 3-byte 
instruction. 
Direct Addressing 



In this addressing mode, the second byte of an instruc- 
tion shows the address where a data is stored. 256 bytes ($0 
through $255) can be addressed directly. Execution times 
can be reduced by storing data in this area so it is recommended 
to make it RAM for users 1 data area in configurating a system. 
This is a 2-byte instruction, while 3 byte with regard to AIM, 
OIM, EIM and TIM. 
Extended Addressing 

In this mode, the second byte shows the upper 8 bit of the 
data stored address and the third byte the lower 8 bit. This 
indicates the absolute address of 3 byte instruction in the 
memory. 
Indexed Addressing 

The second byte of an instruction and the lower 8 bit of the 
index register are added in this mode. As for AIM, OIM, EIM 
and TIM, the third byte of an instruction and the lower 8 bits 
of the index register are added. 

This carry is added to the upper 8 bit of the index register 
and the result is used for addressing the memory. The modified 
address is retained in the temporary address register, so the con- 
tents of the index register doesn't change. This is a 2-byte 
instruction except AIM, OIM, EIM and TIM (3-byte instruc- 
tion). 
Implied Addressing 

An instruction itself specifies the address. That is, the 
instruction addresses a stack pointer, index register etc. This is a 
one-byte instruction. 
Relative Addressing 

The second byte of an instruction and the lower 8 bits of 
the program counter are added. The carry or borrow is added to 
the upper 8 bit. So addressing from -126 to +129 byte of the 
current instruction is enabled. This is a 2-byte instruction. 
(Note) CLI, SEI Instructions and Interrupt Operation 

When accepting the IRQ at a preset timing with the help 
of CLI and SEI instructions, more than 2 cycles are 
necessary between the CLI and SEI instructions. For 
example, the following program (a) (b) don't accept the 
IRQ but (c) accepts it. 



CLI 
SEI 



(a) 



CLI 

NOP 

SEI 



(b) 



CLI 
NOP 
NOP 
SEI 



(c) 



The same thing can be said to the TAP instruction 
instead of the CLI and SEI instructions. 
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Table 10 Accumulator, Memory Manipulation Instructions 



Operations 


Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic Operation 


Condition Code 
Register 


IMMED. 


DIRECT 


INDEX 


EXTEND 


IMPLIED 


IF 


4 


3 


2 


1 







OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


» 


OP 


~ 


# 


H 


• 


N 


Z 


V 


c 


Add 


ADDA 


8B 


2 


2 


9B 


3 


2 


AB 


4 


2 


BB 


4 


3 








A + M- A 


J 






I 




1 




ADDB 


CB 


2 


2 


OB 


3 


2 


EB 


4 


2 


FB 


4 


3 








B +M-B 


t 






t 




J 


Add Double 


ADDO 


C3 


3 


3 


D3 


4 


2 


E3 


5 


2 


F3 


5 


3 








A:B + M:M + 1-A:B 


• 






J 




J 


Add Accumulators 


^ ABA 


























IB 


1 


1 


A + B-> A 


J 






J 




1 


Add With Carry 


AOCA 


89 


2 


2 


99 


3 


2 


A9 


4 


2 


B9 


4 


3 








A + M + C- A 


T 






i 




J 




ADCB 


C9 


2 


12 


D9 


3 


2 


E9 


4 


2 


F9 


4 


3 








B + M + C- B 


1 






t 




t 


AND 


ANDA 


84 


2 


>2 


194 


3 


2 


A4 


4 


2 


^84 


4 


3 








A-M- A 








t 


R 


• 




ANDB 


C4 


2 


2 04 


3 


2 


E4 


4 


2 


F4 


4 


3 








B-M-B 








J 


R 


• 


Bit Test 


BIT A 


85 


2 


2 


95 


3 


2 


A5 


4 


2 


B5 


4 


3 








A-M 








I 


R 


• 




BIT B 


C5 


2 


_2, 


D5 


3 


2 


E5 


4 


2 


|F5 


4 


3 








B-M 








t 


R 


• 


Clear 


CLR 














6F 


5 


2 


7F 


5 


3 








00- M 






R 


S 


R 


R 




CLRA 


























4F 


1 


1 


00- A 






R 


S 


R 


R 




CLRB 


























5F 


1 


1 


00- B 






R 


s 


R 


R 


Compare 


CMP A 


81 


2 


2 


91 


3 


2 


A1 


4 


2 


B1 


4 


3 








A-M 










t 


J 




CMPB 


CI 


2 


2 


01 


3 


2 


E1 


4 


2 


F1 


4 


3 








B-M 










t 


J 


Compare 
Accumulators 


CBA 


























11 


1 


1 


A-B 










t 


t 


Complement. 1's 


COM 














63 


6 


2 


73 


6 


3 








M - M 










R 


S 




COMA 
























43 


1 


1 


A -A 










R 


s 




COMB 


























53 


1 


1 


B -B 










R 


s 


Complement, 2's 


NEG 














60 


6 


2 


70 


6 


3 








00-M-M 










(T> 


t> 


(Negate) 


NEGA 


























40 


1 


1 


00 - A - A 










<V, 


■%, 




NEGB 


























50 


1 


1 


00- B-B 










(1; 


% 


Decimal Adjust. A 


OAA 


























19 


2 


1 


Converts binary add of BCD 
characters into BCD format 










% 


1.3) 


Decrement 


DEC 














6A 


6 


2 


7A 


6 


3 








M- 1 -M 










(4) 


• 




DECA 


























4A 


1 


1 


A - 1 - A 










(«} 


• 




DECB 


























5A 


1 


1 


B - 1 - B 










l« 


• 


Exclusive OR 


EORA 


88 


2 


2 


98 


3 


2 


A8 


4 


2 


B8 


4 


3 








A© M- A 










R 


• 




EORB 


C8 


2 


2 


08 


3 


2 


E8 


4 


2 


F8 


4 


3 








B © M- B 










R 


• 


Increment 


INC 














6C 


6 


2 


7C 


6 


3 








M + 1 -M 










® 


• 




INCA 


























4C 


1. 


1 


A + 1 - A 










© 


• 




INCB 


























5C 


1 


1 


B + 1- B 










(?' 


• 


Load 


LDAA 


86 


2 


2 


96 


3 


2 


A6 


4 


2 


B6 


4 


3 








M - A 










R 


• 


Accumulator 


LDAB 


C6 


2 


2 


D6 


3 


2 


E6 


4 


2 


F6 


4 


3 








M-B 










R 


• 


Load Double 
Accumulator 


LOD 


CC 


3 


3 


DC 


4 


2 


EC 


5 


2 


FC 


5 


3 








M + 1 - B. M- A 










R 


• 


Multiply Unsigned 


MUL 


























3D 


7 


1 


Ax B- A : B 






• 


• 


• 


« 


OR, Inclusive 


ORAA 


8A 


2 


2 


9A 


3 


2 


AA 


4 


2 


BA 


4 


3 








A + M- A 










R 


• 




ORA8 


CA 


2 


2 


DA 


3 


2 


EA 


4 


2 


FA 


4 


3 








B + M- B 










R 


• 


Push Data 


PSHA 


























36 


4 


1 


A - Msp, SP - 1 - SP 






• 


• 


• 


• 




PSHB 


























37 


4 


1 


B - Msp. SP - 1 - SP 






• 


• 


• 


• 


Pull Data 


PULA 


























32 


3 


1 


SP + 1 - SP. Msp - A 






• 


• 


• 


• 




PULB 


























33 


3 


1 


SP + 1 - SP. Msp - B 






• 


• 


• 


• 


Rotate Left 


ROL 














69 


6 


2 


79 


6 


3 
















t 


« 


1 




ROLA 


























49 


1 


1 


a H W 1 1 1 1 1 1 1 H 

B 1 C b7 bo 








t 


(6; 


J 




ROLB 


























59 


1 


1 








t 


® 


J 


Rotate Right 


ROR 














66 


6 


2 


76 


6 


3 
















J 


<i> 


t 








RORA 


























46 


1 


1 


* >H W 1 1 1 1 1 1 1 r»J 
1 C b? bo 








t 


% 


1 




RORB 


























56 


1 


1 








t 


'6 


J 



(Note) Condition Code Register will be explained in Note of Table 13. 



(continued) 
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Table 10 Accumulator, Memory Manipulation Instructions 





Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic Operation 


Condition Code 
Register 


Operations 


IMMED. 


DIRECT 


INDEX 


EXTEND 


IMPLIED 


5 


4 


3 


2 


1 







OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


H 


1 


N 


Z 


V 


C 


Shift Left 


ASL 














68 


6 


2 


78 


6 


3 








M, 






X 




® 


t 




ASLA 


























48 


1 


1 


a I M I I I I I I I k-0 

e ) C 57 bO 






X 




® 


• 




ASLB 


























58 


1 


1 






X 




<§> 


t 




ASLD 


























05 


1 


1 








\ 




© 




Double Shift 
Left, Arithmetic 


I W ACC A/ ACC B |4~0 
C A7 AO B7 BO 


t 


Shift Right 


ASR 














67 


6 


2 


77 


6 


3 








"lr-, ► 






X 




© 


t 




ASRA 


























47 


1 


1 


* H I I I I I I I M I 

B l "' bO C 






X 




© 


X 




ASRB 


























57 


1 


1 






X 




© 


X 


Shift Right 


LSR 














64 


6 


2 


74 


6 


3 








M, » 






R 




D 


X 


Logical 


LSRA 


























44 


1 


1 


aU| I I I I I I IM I 

B | b? bo r 






R 




© 


X 




LSRB 


























54 


1 


1 






R 




© 


X 




LSRD 


























04 


1 


1 








R 




© 






0-H ACC A/ ACC B W | 


x 


Right Logical 


A7 AO B7 BO C 




Store 


STAA 








97 


3 


2 


A7 


4 


2 


B7 


4 


3 








A- M 










R 


• 


Accumulator 


STAB 








D7 


3 


2 


E7 


4 


2 


F7 


4 


3 








B - M 










R 


• 


Store Double 
Accumulator 


STD 








DO 


4 


2 


ED 


5 


2 


FD 


5 


3 








A- M 
B - M + 1 










R 


• 


Subtract 


SUBA 


80 


2 


2 


90 


3 


2 


AO 


4 


2 


BO 


4 


3 








A-M -A 
















SUBB 


CO 


2 


2 


DO 


3 


2 


EO 


4 


2 


FO 


4 


3 








B -M -.B 














Double Subtract 


SUBO 


83 


3 


3 


93 


4 


2 


A3 


5 


2 


B3 


5 


3 








A:B-M:M + 1-«A:B 














Subtract 
Accumulators 


SBA 


























10 


1 


1 


A-B- A 














Subtract 


S8CA 


82 


2 


2 


92 


3 


2 


A2 


4 


2 


B2 


4 


3 








A-M-C- A 
















SBCB 


C2 


2 


2 


D2 


3 


2 


E2 


4 


2 


F2 


4 


3 








B -M-C-B 














Transfer 


TAB 


























16 


1 


1 


A- B 










R 


• 


Accumulators 


TBA 


























17 


1 


1 


B - A 










R 


• 


Test Zero or 


TST 














60 


4 


2 


7D 


4 


3 








M-00 










R 


R 


Minus 


TSTA 


























4D 


1 


1 


A -00 










R 


R 




TSTB 


























5D 


1 


1 


B -00 










R 


R 


And Immediate 


AIM 








71 


6 


3 


61 


7 


3 














MIMM-M 










R 


• 


OR Immediate 


OIM 








72 


6 


3 


62 


7 


3 














M+IMM --M 










R 


• 


EOR Immediate 


EIM 








75 


6 


3 


65 


7 


3 














M+JIMM-M 










R 


• 


Test Immediate 


TIM 








7B 


4 


3 


6B 


5 


3 














M-IMM 










R 


• 



(Note) Condition Code Register will be explained in Note of Table 13. 



• Additional Instruction 

In addition to the HD6801 instruction set, the HD6303X 
prepares the following new instructions. 

AIM (M)-(IMM) - (M) 

Executes "AND" operation to immediate data and the 
memory contents and stores its result in the memory. 

OIM (M) + (IMM) ->-(M) 

Executes "OR" operation to immediate data and the 
memory contents and stores its result in the memory. 

EIM (M)©(IMM) -*• (M) 

Executes "EOR" operation to immediate data and the 
memory contents and stores its result in the memory. 



TIM (M) • (IMM) 

Executes "AND" operation to immediate data and 
changes the relative flag of the condition code register. 

These area 3-byte instructions; the first byte is op code, the 
second immediate data and the third address modifier. 

XGDX (ACCD) «-*• (IX) 

Exchanges the contents of accumulator and the index 
register. 



SLP 



Goes to the sleep mode. Refer to "LOW POWER DIS- 
SIPATION MODE" for more details of the sleep mode. 
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Table 11 Index Register, Stack Manipulation Instructions 





Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic Operation 


Condition Code 
Register 


Pointer Operations 


IMMED. 


DIRECT 


INDEX 


EXTEND 


IMPLIED 


S 


4 


3 


2 


1 







OP 


- 


# 


OP 


~ 


* 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


|H_ 


1 


N 


z 


V 


c 


Compere Index Reg 


CPX 


8C 


3 


3 


9C 


4 


2 


AC 


S 


2 


BC 


5 


3 








X-M:M + 1 






: 


J 


: 


t 


Decrement Index Reg 


DEX 


























09 


1 


1 


X- 1- X 








t 


• 




Decrement Steck Pntr 


OES 


























34 


1 


1 


SP - 1 - SP 








• 


• 




Increment Index Reg 


INX 


























08 


1 


1 


X + 1- X 








t 


• 




Increment Steck Pntr 


INS 


























31 


1 


1 


SP + 1 - SP 








• 


• 




Load Index Reg 


LDX 


CE 
8E 


3 
3 


3 
3 


DE 
9E~ 


4 
4 


2 


EE 


5 


2 


FE 


5 


3 








M- X H .(M + 1I- X L 






cr 


t 


R 




Load Stack Pntr 


LDS 


2 


AE 


5 


2 


BE 


5 


3 








M- SP H .(M+1)-»SP L 






(f> 


i 


R 




Store Index Reg 


STX 








OF 


4 


2 


EF 


5 


2 


FF 


5 


3 








X H -M, X L -(M + 1) 






fr 


t 


R 




Store Stack Pntr 


STS 








9F 


4 


2 


AF 


5 


2 


BF 


5 


3 








SP H -M.SP L -(M + 1) 








J 


R 




Index Reg — Stack Pntr 


TXS 


























35 


1 


1 


X - 1 - SP 








• 


• 




Suck Pntr -» Index Reg 


TSX 


























30 


1 


1 


SP + 1 - X 








• 


• 




Add 


ABX 


























3A 


1 


1 


B + X- X 








• 


• 




Push Data 


PSHX 


























3C 


S 


1 


X u -M,p,SP-1 -SP 
X H -M,p.SP-1-SP 








• 


• 




Pull Data 


PULX 


























38 


4 


1 


SP + 1 - SP. M,p - X H 
SP + 1-SP. M,p-> X L 








• 


• 




Exchange 


XGDX 


























18 


2 


1 


ACCD- -IX 








• 


• 





(Note) Condition Code Register will be explained in Note of Table 13. 



Table 12 Jump, Branch Instructions 





Mnemonic 


Addressing Modes 


Branch Test 


Condition Code 
Register 


Operations 


RELATIVE 


DIRECT 


INDEX 


EXTEND 


IMPLIED 


5 


4 


3 


2 


1 







OP 


~ 


* 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


- 


# 


H 


1 


N 


Z 


V 


c 


Branch Always 


BRA 


20 


3 


2 


























None 














Branch Never 


BRN 


21 


3 


2 


























None 














Branch If Carry Clear 


BCC 


24 


3 


2 


























C = 














Branch If Carry Set 


BCS 


25 


3 


2 


























C = 1 














Branch If = Zero 


BEQ 


27 


3 


2 


























Z = 1 














Branch If > Zero 


BGE 


2C 


3 


2 


























N © V-0 














Branch If > Zero 


BGT 


2E 


3 


2 


























Z + (N © VI = 














Branch If Higher 


BHI 


22 


3 


2 


























C + Z-0 














Branch If < Zero 


BLE 


2F 


3 


2 
























Z + (N© VI = 1 














Branch If Lower Or 
Same 


BLS 


23 


3 


2 


























C + Z = 1 














Branch If < Zero 


BLT 


2D 


3 


2 


























N © V' 1 


rl 












Branch If Minus 


BMI 


2B 


3 


2 


























N= 1 1 












Branch If Not Equal 
Zero 


BNE 


26 


3 


2 


























Z = 














Branch If Overflow 
Clear 


BVC 


28 


3 


2 


























v = o 














Branch If Overflow Set 


BVS 


29 


3 


2 


























V- 1 














Branch If Plus 


BPL 


2A 


3 


2 


























N = 














Branch To Subroutine 


BSR 


8D 


5 


2 








































Jump 


JMP 














6E 


3 


2 


7E 


3 


3 




















Jump To Subroutine 


JSR 








9D 


5 


2 


AD 


5 


2 


BD 


6 


3 




















No Operation 


NOP 


























01 


1 


1 


Advances Prog. Crttr. 
Only 














Return From Interrupt 


RTI 


























3B 


10 


1 








Return From 
Subroutine 


RTS 


























39 


5 


1 














Software Interrupt 


SWI 


























3F 


12 


1 


• 


S 


• 


• 


• 


• 


Wait for Interrupt* 


WAI 


























3E 


9 


1 


• 


X' 


• 


• 


• 


• 


Sleep 


SLP 


























1A 


4 


1 















(Note) * WAI puts R/W high; Address Bus goes to FFFF; Data Bus goes to the three state. 
Condition Code Register will be explained in Note of Table 13. 
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Table 13 Condition Code Register Manipulation Instructions 





Mnemonic 


AddressingModes 


Boolean Operation 


Condition Code Register 


Operations 


IMPLIED 


5 


4 


3 


2 


1 







OP 


~ 


# 


H 


1 


N 


Z 


V 


C 


Clear Carry 


CLC 


OC 


1 




0-C 




• 






• 


R 


Claar Interrupt Mask 


CLI 


OE 


1 




0-> 1 




R 






• 


• 


Clear Overflow 


CLV 


OA 


1 




0-V 




• 






R 


• 


Sat Carry 


SEC 


00 


1 




1 -C 




• 






e 


s 


Set Interrupt Mask 


SEI 


OF 


1 




1 -> 1 




S 






e 


• 


Set Overflow 


SEV 


OB 


1 




1 -» V 




• ' 






S 


• 


Accumulator A — CCR 


TAP 


06 


1 




A- CCR 






CCR -* Accumulator A 


TPA 


07 


1 




CCR- A 


•l-l-l-l- I* 



LEGEND 

OP Operation Code (Hexadecimal) 

~ Number of MCU Cycles 

Msp Contents of memory location pointed to by Stack Pointer 

# Number of Program Bytes 
+ Arithmetic Plus 

Arithmetic Minus 

• Boolean AND 
+ Boolean Inclusive OR 
© Boolean Exclusive OR 
M Complement of M 
-*• Transfer into 
Bit = Zero 

00 Byte = Zero 

(Note) Condition Code Register Notes: (Bit set if test is true and cleared otherwise) 



CONDITION CODE SYMBOLS 

H Half -carry from bit 3 to bit 4 

I Interrupt mask 

N Negative (sign bit) 

Z Zero (byte) 

V Overflow, 2's complement 

C Carry/Borrow from/to bit 7 

R Reset Always 

S Set Always 

$ Set if true after test or clear 

• Not Affected 



(3) 
(i) 



(io) 
(n) 



(BitV) Test: Result = 10000000? 

(BitC) Test: Result \ 00000000? 

(Bit C) Test: BCD Character of high -order byte greater than 10? (Not cleared if previously set) 

(Bit V) Test: Operand = 10000000 prior to execution? 

(Bit V) Test: Operand = 01 1 1 1 1 1 1 prior to execution? 

(Bit V) Test: Set equal to N® C = 1 after the execution of instructions 

(BitN) Test: Result less than zero? (Bit 15=1) 

(All Bit) Load Condition Code Register from Stack. 

(Bit I ) Set when interrupt occurs. If previously set, a Non-Maskable Interrupt is required to exist the wait state. 

(All Bit) Set according to the contents of Accumulator A. 

(Bit C) Result of Multiplication Bit 7=1 ? (ACCB) 



Table 14 OP-Code Map 



OF 






ACC 
A 


ACC 
B 


INO 


EXj/ 

/oir' 


ACCA or SP 


ACCB or X 




CODE 


IMM 


DIR 


IND 


EXT 


IMM 


DIR 


IND 


EXT 




S \ HI 

LO\ 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


MM 







1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 




0000 







SBA 


BRA 


TSX 


NEG 


SUB 





0O0I 


1 


NOP 


CBA 


BRN 


INS 


____^- 


AIM 


CMP 


1 


0010 


2 






BHI 


PULA 









M 







SBC 






2 


Mil 


3 






BLS 


PULB 




COM 


SUBD 


" 1 " 


ADDO 




3 


oiobi 


4 


LSRD 




BCC 


OES 


LSR 


AND 


4 


0101 


5 


ASLD 




BCS 


TXS 


^—-" 1 EIM 







BIT 






5 


0110 


6 


TAP 


TAB 


BNE 


PSHA 


ROR 




LDA 






6 


ITiiT 1 


7 


TPA 


TBA 


BEQ 


PSHB 


ASR 




STA 




STA 




7 


1000 


8 


INX 


XGDX 


TJVC 


PULX 


ASL 




EOR 






8 


1001 


9 


OEX 


OAA 


BVS 


RTS 


ROL 






ADC 






9 

A 


1010 


A 


CLV 


SLP 


BPL 


ABX 


DEC 


ORA 


1011 


B 


SEV 


ABA 


BMI 


RTI 


_— -— 1 T,M 






ADD 






B 


MOO 


C 


CLC 




BGE 


PSHX 


INC 


CPX 


LDD 


C 


HOt 


D 


SEC 




BLT 


MUL 


TST 


BSR 


JSR 






STD 




O 


1110 


E 


CLI 




BGT 


WAI 


*^\^-^\ JMp 


LDS 




LDX 




E 


Mil 


F 


SEI 




BLE 


SWI 


CLR 




STS 


Z2T . STX 


F 









1 


2 


3 


«... 


5 6 7 


8 


9 I * 


B 


c 


D | E 


P 





UNDEFINED OP CODE 
' Only each instructions of AIM, OIM, 
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■ CPU OPERATION 

• CPU Instruction Flow 

When operating, the CPU fetches an instruction from a 
memory an d exe cutes the required function. This sequence 
starts with RES cancel and repeats itself limitlessly if not 
affected by a special instruction or a control signal. SWI, RTI, 
WAI and S L P inst ructions are to chan ge this operation, while 
NMI, IRQ,, IRQ* , IRQ3, HALT and STBYare to control it. 
Fig. 24 gives the CPU mode transition and Fig. 25 the CPU 
system flow chart. Table 15 shows CPU operating states and 
port states. 

• Operation at Each Instruction Cycle 

Tabic 16 provides the operation at each instruction cycle. 
By the pipeline control of the HD6303X, MULT, PUL, DAA 
and XGDX instructions etc. prefetch the next instruction. So 
attention is necessary to the counting of the instruction cycles 

because it is different from the existent one op code fetch 

to the next instruction op code. 

Table 15 CPU Operation State and Port State 



H D6303X,H D63A03X,H D63B03X 



/ Active \ 
I Mode L 



Port 


Reset 


STBY*** 


HALT 


Sleep 


A ~ A 7 


H 


T 


T 


H 


Port 2 


T 


T 


Keep 


Keep 


Do ~D 7 


T 


T 


T 


T 


A 8 ~ A 1S 


H 


T 


T 


H 


Port 5 


T 


T 


T 


T 


Port 6 


T 


T 


Keep 


Keep 


Control 
Signal 


* 


T 


.. 


• 




Figure 24 CPU Operation Mode Transition 



H ; High, L ; Low, T ; High Impedance 
RD. WR , R/W, LlR = H, BA = L 
RD. WR, R/W = T, LTR, BA = H 
E pin goes to high impedance state. 
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w 

00 



t 

X 



(Note) 1. The program sequence will co me to the R ES star t from 
any place of the flow during RES. When STBY=0, the 
sequence will go into the standby mode regardless of the CPU 
condition. 

2. Refer to "FUNCTIONAL PIN DESCRIPTION" for more 
details of interrupts. 




X 

a 
o> 

8 

CO 
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O 
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o 
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o 

O) 
CO 

00 

o 

CO 
X 



Figure 25 HD6303X System Flow Chart 
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Table 16 Cycle-by -Cycle Operation 



Address Mode & 
Instructions 



Cycles c Vf le Address Bus 



R W RD WR 



IMMEDIATE 



ADC 


ADD 




1 


Op Code Address + 1 


1 





1 


1 


Operand Data 


AND 


BIT 




2 


Op Code Address + 2 


1 





1 





Next Op Code 


CMP 


EOR 


2 
















LDA 


ORA 


















SBC 


SUB 


















ADDD 


CPX 




1 


Op Code Address + 1 


1 





1 


1 


Operand Data (MSB) 


LDD 


LDS 


3 


2 


Op Code Address + 2 


1 





1 


1 


Operand Data (LSB) 


LDX 


SUBD 




3 


Op Code Address + 3 


1 





1 





Next Op Code 



ADC 


ADD 




1 


Op Code Address + 1 


1 





1 


1 


Address of Operand (LSB) 


AND 


BIT 




2 


Address of Operand 


1 





1 


1 


Operand Data 


CMP 


EOR 


3 


3 


Op Code Address +2 


1 





1 





Next Op Code 


LDA 


ORA 


















SBC 


SUB 


















STA 






1 


Op Code Address +1 


1 





1 


1 


Destination Address 






3 


2 


Destination Address 





1 





1 


Accumulator Data 








3 


Op Code Address + 2 


1 





1 





Next Op Code 


ADDD 


CPX 




1 


Op Code Address + 1 


1 





1 


1 


Address of Operand (LSB) 


LDD 


LDS 


4 


2 


Address of Operand 


1 





1 


1 


Operand Data (MSB) 


LDX 


SUBD 


3 


Address of Operand + 1 


1 





1 


1 


Operand Data (LSB) 








4 


Op Code Address + 2 


1 





1 





Next Op Code 


STD 


STS 




1 


Op Code Address +1 


1 





1 


1 


Destination Address (LSB) 


STX 




4 


2 


Destination Address 





1 





1 


Register Data (MSB) 






3 


Destination Address + 1 





1 





1 


Register Data (LSB) 








4 


Op Code Address + 2 


1 





1 





Next Op Code 


JSR 






1 
2 


Op Code Address + 1 
FFFF 


1 

1 




1 


1 
1 


1 
1 


Jump Address (LSB) 
Restart Address (LSB) 






5 


3 


Stack Pointer 





1 





1 


Return Address (LSB) 








4 


Stack Pointer - 1 





1 





1 


Return Address (MSB) 








5 


Jump Address 


1 





1 





First Subroutine Op Code 


TIM 






1 


Op Code Address + 1 


1 





1 


1 


Immediate Data 






4 


2 


Op Code Address + 2 


1 





1 


1 


Address of Operand (LSB) 






3 


Address of Operand 


1 





1 


1 


Operand Data 








4 


Op Code Address + 3 


1 





1 





Next Op Code 


AIM 


EIM 




1 


Op Code Address + 1 


1 





1 


1 


Immediate Data 


OIM 






2 


Op Code Address + 2 


1 





1 


1 


Address of Operand (LSB) 






6 


3 


Address of Operand 


1 





1 


1 


Operand Data 






4 


FFFF 


1 


1 


1 


1 


Restart Address (LSB) 








5 


Address of Operand 





1 





1 


New Operand Data 








6 


Op Code Address + 3 


1 





1 





Next Op Code 



(Continued) 
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Address Mode & 



I Cycles 



Cycle 



R/W RD 



JMP 


3 


1 
2 
3 


Op Code Address + 1 

FFFF 

Jump Address 





1 





1 
1 



Offset 

Restart Address (LSB) 

First Op Code of Jump Routine 


ADC ADD 
AND BIT 
CMP EOR 
LDA ORA 
SBC SUB 
TST 


4 
4 


f~ 1 
2 
3 
4 

2 
3 
4 


Op Code Address+ 1 

FFFF 

IX+Offset 

Op Code Address +2 






1 







1 
1 
1 




Offset 

Restart Address (LSB) 
Operand Data 
Next Op Code 


STA 


Op Code Address +1 

FFFF 

IX + Offset 

Op Code Address +2 







1 

1 










Offset 

Restart Address (LSB) 
Accumulator Data 
Next Op Code 


ADDD 

CPX LDD 
LDS LDX 
SUBD 


5 


1 
2 
3 
4 
5 


Op Code Address +1 

FFFF 

IX+Offset 

IX + Offset +1 

Op Code Address +2 






1 











Offset 

Restart Address (LS8) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 


STD STS 
STX 


5 


1 
2 
3 
4 
5 


Op Code Address + 1 

FFFF 

IX + Offset 

IX + Offset +1 

Op Code Address + 2 








1 
1 
1 











Offset 

Restart Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 
Next Op Code 


JSR 


5 


1 
2 
3 
4 
5 


Op Code Address + 1 

FFFF 

Stack Pointer 

Stack Pointer- 1 

IX+Offset 








1 
1 
1 











Offset 

Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 


ASL ASR 
COM DEC 
INC LSR 
NEG ROL 
ROR 


6 


1 
2 
3 
4 
5 
6 


Op Code Address + 1 

FFFF 

IX + Offset 

FFFF 

IX + Offset 

Op Code Address+ 1 







1 



1 
1 










Offset 

Restart Address (LSB) 
Operand Data 
Restart Address (LSB) 
New Operand Data 
Next Op Code 


TIM 


5 


1 
2 
3 
4 
5 


Op Code Address +1 

Op Code Address +2 

FFFF 

IX+Offset 

Op Code Address +3 







1 










Immediate Data 

Offset 

Restart Address (LSB) 

Operand Data 

Next Op Code 


CLR 


5 


1 
2 
3 
4 
5 


Op Code Address +1 

FFFF 

IX+Offset 

IX + Offset 

Op Code Address + 2 







1 



1 










Offset 

Restart Address (LSB) 

Operand Data 

00 

Next Op Code 


AIM EIM 
OIM 


7 


1 
2 
3 
4 
5 
6 
7 


Op Code Address+ 1 

Op Code Address +2 

FFFF 

IX+Offset 

FFFF 

IX+Offset 

Op Code Address +3 




1 





1 



1 
1 






1 





Immediate Data 

Offset 

Restart Address (LSB) 

Operand Data 

Restart Address (LSB) 

New Operand t)8ta 

Next Op Code 
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Address Mode & ' 
Instructions 



Cycles 



Cycle 



JMP ! 

i 3 

1 


1 
2 

■■;■ 

2 
3 
4 


Op Code Address +1 I 1 
Op Code Address + 2 ! 1 
Jump Address 1 












Jump Address (MSB) 
Jump Address (LSB) 
Next Op Code 


ADC ADD TST 1 
AND BIT j 
CMP EOR ! 
LDA ORA 
SBC SUB j 


Op Code Address+ 1 j 1 
Op Code Address + 2 j 1 
Address of Operand j 1 
Op Code Address + 3 ! 1 

__._ _ I . 













Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 
Next Op Code 


STA 1 

.. * ; 3 

- - - -J ..j.. .«. 

ADDD T 1 

CPX LDD 2 

LDS LDX 5 3 

SUBD 4 

5 

" STD STS ; " 1 

STX ; 2 

5 3 

4 

_ L. J-- 6 -, 


Op Code Address +1 [ 1 
Op Code Addiess+2 1 
Destination Address I 
Op Code Address +3 1 
Op Code Address + 1 | 1 
Op Code Address + 2 1 1 
Address of Operand 1 
Address of Operand +1 1 
Op Code Address + 3 1 


I 








Destination Address (MSB) 
Destination Address (LSB) 
Accumulator Data 
Next Op Code 














Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 


Op Code Address +1 1 ; 
Op Code Address + 2 10 
Destination Address 1 
Destination Address +1 1 
Op Code Address + 3 10 









Destination Address (MSB) 
Destination Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 
Next Op Code 


JSR ' 1 
i 2 

• ! 1 

i 5 

1 [__§_. 

ASL ASR ] i 1 
COM DEC i ! 2 
INC LSR ! 3 
NEG ROL i " 4 
ROR 5 
6 


Op Code Address +1 1 
Op Code Address + 2 10 
FFFF 1 1 
Stack Pointer 1 
Stack Pointer- 1 1 
Jump Address j 1 j 









Jump Address (MSB) 
Jump Address (LSB) 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 


Op Code Address +1 1 
Op Code Address +2 1 
Address of Operand 1 
FFFF 1 
Address of Operand 
Op Code Address +3 1 






1 

1 










Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 
Restart Address (LSB) 
New Operand Data 
Next Op Code 


CLR ; 

5 

i 


1 
2 
3 
4 

5 


Op Code Address + 1 1 
Op Code Address +2 1 
Address of Operand 1 
Address of Operand 
Op Code Address+3 1 






1 
o 




1 





Address of Operand (MSB) 

Address of Operand (LSB) 

Operand Data 

00 

Next Op Code 
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Address Mode & |„ . I Cycle 
I Cycles J ' 



Address Bus 



ABA ABX 
ASL ASLD 
ASR CBA 
CLC CLI 
CLR CLV 
COM DEC 
DES DEX 
INC INS 
INX LSR 
LSRD ROL 
ROR NOP 
SBA SEC 
SEI SEV 
TAB TAP 
TBA TPA 
TST TSX 
TXS 


1 


1 


Op Code Address + 1 


1 





1 





Next Op Code 


DAA XGDX 


2 


1 
2 


Op Code Address + 1 
FFFF 






1 






1 


Next Op Code 
Restart Address (LSB) 


PULA PULB 


3 


1 
2 
3 


Op Code Address + 1 

FFFF 

Stack Pointer + 1 





1 








Next Op Code 
Restart Address (LSB) 
Data from Stack 


PSHA PSHB 


4 


1 
2 
3 

4 


Op Code Address + 1 

FFFF 

Stack Pointer 

Op Code Address + 1 







1 
1 










Next Op Code 
Restart Address (LSB) 
Accumulator Data 
Next Op Code 


PULX 


4 


1 
2 
3 
4 


Op Code Address + 1 

FFFF 

Stack Pointer + 1 

Stack Pointer + 2 






1 










Next Op Code 
Restart Address (LSB) 
Data from Stack (MSB) 
Data from Stack (LSB) 


PSHX 


5 


1 
2 
3 
4 
5 


Op Code Address + 1 

FFFF 

Stack Pointer 

Stack Pointer — 1 

Op Code Address + 1 








1 
1 
1 











Next Op Code 
Restart Address (LSB) 
Index Register (LSB) 
Index Register (MSB) 
Next Op Code 


RTS 


5 


1 
2 

3 
4 
5 


Op Code Address + 1 

FFFF 

Stack Pointer + 1 

Stack Pointer + 2 

Return Address 






1 











Next Op Code 
Restart Address (LSB) 
Return Address (MSB) 
Return Address (LSB) 
First Op Code of Return Routine 


MUL 


7 


1 
2 
3 
4 
5 
6 
7 


Op Code Address + 1 

FFFF 

FFFF 

FFFF 

FFFF 

FFFF 

FFFF 












Next Op Code 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
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Address Mode I 
Instructions 



Cycles C Vf 



R/W 



7?B" WR* 



WAI 
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Op Code Address + 1 


1 





1 






Next Op Code 






2 


FFFF 


1 






1 






Restart Address (LSB) 






3 


Stack Pointer 
















Return Address (LSB) 






4 


Stack Pointer- 1 
















Return Address (MSB) 




9 


5 
6 


Stack Pointer -2 
Stack Pointer -3 


















Index Register (LSB) 
Index Register (MSB) 




7 


Stack Pointer -4 
















Accumulator A 






8 


Stack Pointer -5 
















Accumulator B 






9 


Stack Pointer -6 
















Conditional Code Register 


RTI 


10 


I 

3 
4 
5 


Op Code Address + 1 

FFFF 

Stack Pointer + 1 

Stack Pointer + 2 

Stack Pointer + 3 








1 














Next Op Code 
Restart Address (LSB) 
Conditional Code Register 
Accumulator B 
Accumulator A 




6 


Stack Pointer +4 

















Index Register (MSB) 






7 


Stack Pointer + 5 

















Index Register (LSB) 






8 


Stack Pointer + 6 

















Return Address (MSB) 






9 


Stack Pointer + 7 

















Return Address (LSB) 




10 


Return Address 













_, 


First Op Code of Return Routine 


SWI 


Op Code Address + 1 

















Next Op Code 




1 2 


FFFF 


















Restart Address (LSB) 




! 3 


Stack Pointer 
















Return Address (LSB) 




1 4 


Stack Pointer- 1 
















Return Address (MSB) 




i 5 


Stack Pointer -2 
















Index Register (LSB) 




i 7 


Stack Pointer -3 














Index Register (MSB) 




Stack Pointer -4 
















Accumulator A 




i 8 


Stack Pointer -5 
















Accumulator B 




! 9 


Stack Pointer -6 
















Conditional Code Register 






10 


Vector Address FFFA 

















Address of SWI Routine (USB) 






11 


Vector Address FFFB 

















Address of SWI Routine (LSB) 






12 


Address of SWI Routine 
















First Op Code of SWI Routine 


SLP 




1 


Op Code Address + 1 

















Next Op Code 






2 


FFFF 


















Restart Address (LSB) 




4 


Sleep 

i 




























* 
3 


FFFF 


1 


1 


1 


1 


Restart Address (LSB) 






4 


Op Code Address + 1 


1 





1 





Next Op Code 



BCC 


BCS 




1 


Op Code Address +1 


1 





1 


1 


Branch Offset 


BEQ 


BGE 


3 


2 


FFFF 


1 


1 


1 


1 


Restart Address (LSB) 


BGT 


BHI 




3 


| Branch Address Test="1" 











First Op Code of Branch Routine 


BLE 


BLS 




I Op Code Address+ 1 -Test="0" 








Next Op Code 


BLT 


BMT 


















BNE 


BPL 


















BRA 


BRN 


















BVC 


BVS 


















BSR 






1 
2 


Op Code Address + 1 
FFFF 


1 
1 




1 


1 
1 


1 
1 


Offset 

Restart Address (LSB) 






5 


3 


Stack Pointer 





1 





1 


Return Address (LSB) 








4 


Stack Pointer- 1 





1 





1 


Return Address (MSB) 








5 


Branch Address 


1 





1 





First Op Code of Subroutine 
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HD6303Y,HD63A03Y, 

HD63B03Y 

CMOS MPU (Micro Processing Unit) 



-ADVANCE INFORMATION- 



The HD6303Y is a CMOS 8-bit micro processing unit which 
contains a CPU compatible with the HD6301V1, 256 bytes of 
RAM, 24 parallel I/O Pins, Serial Communication Interface 
(SCI) and two timers. 

■ FEATURES 

• Instruction Set Compatible with the HD6301 Family 

• Abundant On-chip Resources 

• 256 Bytes of RAM 

• 24 Parallel I/O Pins 

• Handshake Interface (Port 6) 

• Darlington Transistor Direct Drive (Port 2, 6) 

• 16-bit Programmable Timer 
' 1 Input Capture Register 

1 Free Running Counter 
^2 Output Compare Registers 

• 8-Bit Reloadable Timer 
/ 1 8-bit Up Counter 
\1 Time Constant Register 

•Serial Communication Interface 
Asynchronous Mode 

(8 Transmit Formats 
Hardware Parity 
Clocked Synchronous Mode 
Interrupt - 3 External, 7 Internal 
CPU Functions 

• Memory Ready, Auto Memory Ready 
•Halt 

• Error Detection 
(Address Trap, Op-code Trap) 

Up to 65k Bytes Address Space 
Low Power Dissipation Mode 

• Sleep 

• Standby (Hardware Set, Software Set) 
Wide Range of Operation 

V C c = 3 to 6 V (f = 0.1 to 0.5 MHz) 

/f = 0.1 to1.0MHz;HD6303Y \ 
V C c = 5V ± 10% I f = 0.1 to 1 .5 MHz; HD63A03Y ) 
Vf = 0.1 to 2.0 MHz; HD63B03Y / 
Minimum Instruction Cycle Time: 0.5 /is (f = 2.0 MHz) 



HD6303YP, HD63A03YP, 
HD63B03YP 




(DP-64S) 



HD6303YF, HD63A03YF, 
HD63B03YF 




(FP-64) 
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PIN ARRANGEMENT 
• HD6303YP, HD63A03YP, HD63B03YP 



• HD6303YF, HD63A03YF, HD63B03YF 
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■ BLOCK DIAGRAM 
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HD6305U0,HD63A05U0, — 
HD63B05U0 

CMOS MCU (Microcomputer Unit) 



-ADVANCE INFORMATION- 



The HD6305U0 is a CMOS single-chip microcomputer unit 
(MCU) which is the DIP 40 pins version of the HD6305X0, and 
built in 2k bytes of ROM, 1 28 bytes of RAM, 31 I/O pins, two 
Timers and a Serial Communication Interface (SCI). 

■ HARDWARE FEATURES 

• 8-bit based MCU 

• 2048 bytes of ROM 

• 128 bytes of RAM 

• A total of 31 terminals 

• Two timers 

— 8-bit timer with a 7-bit prescaler (programmable prescaler; 
event counter) 

— 15-bit timer (commonly used with the SCI clock divider) 

• On-chip serial interface circuit (synchronized with clock) 

• Six interrupts (two external, two timer, one serial and one 
software) 

• Low power dissipation modes — Wait, Stop and Standby 
Mode 

• Minimum instruction cycle time 

HD6305U0 1 us (f = 1 MHz) 

HD63A05U0 0.67 /is (f = 1.5 MHz) 

HD63B05U0 0.5 jus (f = 2 MHz) 

• Wide operating range 

Vcc = 3 to 6V (f = 0.1 to 0.5 MHz) 

HD6305U0 f = 0.1 to 1 MHz (Vcc = 5V ± 10%) 

HD63A05U0 f = 0.1 to 1.5 MHz (Vcc = 5V± 10%) 

HD63B05U0 f = 0.1 to 2 MHz (Vcc = 5V± 10%) 

■ SOFTWARE FEATURES 

• Similar to HD6800 Instruction Set 

• Byte Efficient Instruction Set 

• Bit Manipulation 

• Bit Test and Branch 

• Versatile Interrupt Handling 

• Powerful Indexed Addressing for Tables 

• Full Set of Conditional Branches 

• 10 Powerful Addressing Modes 

• New Instructions - STOP, WAIT, DAA 

• Compatible with HD6805 Family 



HD6305U0P, HD63A05U0P 
HD63B05U0P 




(DP-40) 



PIN ARRANGEMENT 
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HD6305U0,HD63A05U0,HD63B05U0 
■ BLOCK DIAGRAM 



XTAL EXTAL 
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HD6305V0,HD63A05V0, 

HD63B05V0 

CMOS MCU (Microcomputer Unit) 



-ADVANCE INFORMATION- 



The HD6305V0 is a CMOS single-chip microcomputer unit 
(MCU) which is the DIP 40 pins version of the HD6305X0, and 
built in 4k bytes of ROM, 192 bytes of RAM, 31 I/O pins, two 
Timers and a Serial Communication Interface (SCI). 

■ HARDWARE FEATURES 

• 8-bit based MCU 

• 4096 bytes of ROM 

• 192 bytes of RAM 

• A total of 31 terminals 

• Two timers 

— 8-bit timer with a 7-bit prescaler (programmable prescaler; 
event counter) 

— 15-bit timer (commonly used with the SCI clock divider) 

• On-chip serial interface circuit (synchronized with clock) 

• Six interrupts (two external, two timer, one serial and one 
software) 

• Low power dissipation modes — Wait, Stop and Standby 
Mode 

• Minimum instruction cycle time 

HD6305V0 1 Ms (f=1MHz) 

HD63A05V0 0.67 /us (f=1.5MHz) 

HD63B05V0 0.5 /is (f=2MHz) 

• Wide operating range 

V CC =3 to 6 V (f=0.1 to 0.5MHz) 

HD6305V0 f=0.1 to 1MHz (V CC =5V±10%) 

HD63A05V0 f=0.1 to 1.5MHz (V CC =5V±10%) 

HD63B05V0 f=0.1 to 2MHz (V C c=5V±10%) 

■ SOFTWARE FEATURES 

• Similar to HD6800 Instruction Set 

• Byte Efficient Instruction Set 

• Bit Manipulation 

• Bit Test and Branch 

• Versatile Interrupt Handling 

• Powerful Indexed Addressing for Tables 

• Full Set of Conditional Branches 

• 10 Powerful Addressing Modes 

• New Instructions -STOP, WAIT, DAA 

• Compatible with HD6805 Family 



HD6305V0P, HD63A05V0P, 
HD63B05V0P 




(DP-40) 



PIN ARRANGEMENT 
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■ BLOCK DIAGRAM 
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HD6305X0,HD63A05X0, 

HD63B05X0 

CMOS MCU (Microcomputer Unit) 



-PRELIMINARY- 



The HD6305X0 is a CMOS version of the NMOS 8-bit single- 
chip microcomputer, HD680SX0. The CMOS unit is upward 
compatible with the HD680S family in respect to instructions. 
On the chip of the HD6305X(f, a CPU, a clock generator, a 
4KB ROM, a 128-byte RAM, 55 I/O terminals, two timers and 
a serial communication interface (SCI) are built in. Because of 
the CMOS process, the HD6305X0 consumes less power than 
the NMOS HD6805X0. In addition, three low power dissipa- 
tion modes (stop, wait, and standby) support the low power 
operating. 

Other distinguished features include enhanced instruction 
cycle of the main instructions and the use of three additional 
instructions to obtain more improved system throughput. 



■ HARDWARE FEATURES 

• 8-bit based MCU 
•4096-bytes of ROM 

• 128-bytesof RAM 

• A total of 55 terminals, including 32 l/O's, 7 inputs and 16 
outputs 

• Two timers 

- 8-bit timer with a 7-bit prescaler (programmable prescaler; 
event counter) 

- 15-bit timer (commonly used with the SCI clock divider) 

• On-chip serial interface circuit (synchronized with clock) 
•Six interrupts (two external, two timer, one serial and one 

software) 

• Low power dissipation modes 

- Wait .... In this mode, the clock oscillator is on and the 

CPU halts but the timer/serial/interrupt func- 
tion is operatable. 

- Stop. ... In this mode, the clock stops but the RAM 

data, I/O status and registers are held. 

- Standby. . In this mode, the clock stops, the RAM data 

* is held, and the other internal condition is 
reset. 

• Minimum instruction cycle time 

- HD6305X0 1 us (f = 1 MHz) 

- HD63A05X0 0.67 us (f = 1.5 MHz) 

- HD63B05X0 0.5 us (f = 2 MHz) 

• Wide operating range 

Vcc = 3 to 6V (f = 0.1 to 0.5 MHz) 

- HD6305X0 f = 0.1 to 1 MHz (Vcc = 5V ± 10%) 

- HD63A05X0 .... f = 0.1 to 1.5 MHz (Vqc = 5V ± 10%) 

- HD63B05X0 f = 0.1 to 2 MHz (Vcc = 5V ± 10%) 

• System development fully supported by an evaluation kit 



HD6305X0P, HD63A05X0P, 
HD63B05X0P 




(DP-64S) 



HD6305X0F, HD63A05X0F, 
HD63B05X0F 




(FP-64) 



• Byte efficient instruction set 

• Powerful bit manipulation instructions (Bit Set, Bit Clear, and 
Bit Test and Branch usable for all RAM bits and all I/O termi- 
nals) 

• A variety of interrupt operations 

• Index addressing mode useful for table processing 

• A variety of conditional branch instructions 

• Ten powerful addressing modes 

• All addressing modes adaptable to RAM, and I/O instructions 

• Three new instructions, STOP, WAIT and DAA, added to the 
HD6805 family instruction set 

• Instructions that are upward compatible with those of Moto- 
rola's MC6805P2 and MC146805G2 



■ SOFTWARE FEATURES 

•Similar to HD6800 
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HD6305X0,HD63A05X0,HD63B05XO 



i PIN ARRANGEMENT 
• HD6305X0P, HD63A05X0P, HD63B05X0P 



• HD6305X0F, HD63A05X0F, HD63B05X0F 
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■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply voltage 


Vcc 


-0.3 ~ +7.0 


V 


Input voltage 


V in 


-0.3 ~ V CC + 0.3 


V 


Operating temperature 


• opr 


0~+70 


°C 


Storage temperature 


^stg 


-55 ~ +150 


°C 



[NOTE] These products have a protection circuit in their input terminals against high electrostatic voltage or high electric fields. Notwithstanding, 
be careful not to apply any voltage higher than the absolute maximum rating to these high input impedance circuits. To assure normal 
operation, we recommended V, n , V out ; Vss g (V in or V out ) <; V cc . 

ELECTRICAL CHARACTERISTICS 

• DC Characteristics (Vcc = 5.0V ± 10%, V ss = GND and T, = ~ +70° C unless otherwise specified) 



Item 


Symbol 


Test 
condition 


min 


typ 


max 


Unit 


Input 


RES.STBY 


V.H 




V CC - 0.5 


- 


V CC +0.3 


V 


voltage 
"High" 


EXTAL 




V CC x 0.7 


- 


V C c +0.3 


V 


Others 




2.0 


- 


V CC +0.3 


V 


Input volt- 
age "Low" 


All inputs 


V|L 




-0.3 


- 


0.8 


V 




Operating 


ice 


f=1MHz** 


- 


5 


10 


mA 


Current 


Wait 


- 


2 


5 


mA 


dissipation 


Stop 


- 


2 


10 


MA 




Standby 


- 


2 


10 


MA 


Input 

leakage 

current 


TIMER, 
INT, 

P|~P7. 

STB7 


UilI 


V in = 0.5- 
V CC - 0.5V 


- 


- 


1 


HA 


Three- 
state 
current 


Ao ~ A 7 , 
Bo ~ B7, 
Co ~ C7 , 
Go ~G7, 

E ~E7,*'* 
F ~F 7 »** 


HtsiI 


- 


- 


1 


MA 


Input 
capacity 


All 
terminals 


C in 


f =1MHz, 
V in = 0V 


- 


- 


12 


PF 



*V| H min = V CC -1.0V, V| L max • 0.8 V 

**The value at f » xMHz can be calculated by the following equation: 
"•At standby mode 



Ice < f " xMHz) = l cc (f - 1MHz) multiplied by x 



HITACHI 



397 



HD6305X0,HD63A05X0,HD63B05X0- 



• AC Characteristics (V C c = 5.0V ± 10%, Vss - GND and T« = ~ +70°C unless otherwise specified) 



Item 


Symbol 


Test 
condition 


HD6305X0 


HD63A05X0 


HD63B05X0 


Unit 


min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


Clock 
frequency 


fcl 




0.4 


- 


4 


0.4 


- 


6 


0.4 


- 


8 


MHz 


Cycle time 


t<;yc 




1.0 


- 


10 


0.666 


- 


10 


0.5 


- 


10 


US 


fNT pulse 
width 


t|WL 




t C yc 

+250 


- 


- 


tcyc 

+200 


- 


- 


tcyc 

+200 


- 


- 


ns 


INTa pulse 
width 


t|WL2 




tcyc 

+250 


- 


- 


tpyc 

+200 


- 


- 


tcyc 

+200 


- 


- 


ns 


RES pulse 
width 


tRWL 




5 


- 


- 


5 


- 


- 


5 


- 


- 


tcyc 


TIMER pulse 
width 


tTWL 




tcyc 
+250 


- 


- 


tcyc 
+200 


- 


- 


t c y C 

+200 


- 


- 


ns 


Oscillation 
start time 
(crystal) 


tosc 


C L = 22pF ± 
20% 

Rs = 60J2 
max 


- 


- 


20 


- 


- 


20 


- 


- 


20 


ms 


Reset delay 
time 


tRHL 


External cap. 
2.2/uF 


80 


- 


- 


80 


- 


- 


80 


- 


- 


ms 



• Port Electrical Characteristics (V C c = 5.0V ± 10%, V ss = GND and T a « ~ +70°C unless otherwise specified) 



Item 


Symbol 


Test 
condition 


min 


typ 


max 


Unit 


Output volt- 


Ports A, 
B.C.G, 
E, F 


V H 


Ioh = -200juA 


2.4 


- 


- 


V 


age "High" 


Ioh = -10/uA 


V cc - 0.7 


- 


- 


V 


Output volt- 
age "Low" 


Vol 


•ol = 1.6mA 


- 


- 


0.55 


V 


Input volt- 
age "High" 


Ports A, 
B, C, D, 
G 


V|H ■ 




2.0 


- 


V CC + 0.3 


V 


Input volt- 
age "Low" 


V.L 




-0.3 


- 


0.8 


V 


Input leak- 
age current 


IlL 


V in = 0.5~ 
V CC - 0.5V 


-1 


- 


1 


juA 



• SCI Timing (V cc = 5.0V±10%, Vss = 0V and Ta = ~ +70°C unless otherwise specified) 





Symbol 


Test 
Condition 


HD6305X0 


HD63A05X0 


HD63B05X0 


Unit 




min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


Clock Cycle 


*Scyc 


Fig. 1 
Fig. 2 


1 


- 


32768 


0.67 


- 


21845 


0.5 


- 


16384 


JUS 


Data Output Delay Time 


*TXD 


- 


- 


250 


- 


- 


250 


- 


- 


250 


ns 


Data Set-up Time 


*SRX 


200 


- 


- 


200 


- 


- 


200 


- 


- 


ns 


Data Hold Time 


tHRX 


100 


- 


- 


100 


- 


- 


100 


- 


- 


ns 
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Clock Output 
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' CK ^06V 06V/ ' j0 6V / 



Data Output 
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Data Input 
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2.0V 
0.8V 



:c 



Figure 1 SCI Timing (Internal Clock) 
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Figure 2 SCI Timing (External Clock) 



TTL Load 
(Port) 
Test point 
terminal O - 



Iol= 1.6mA 




=F40pF >12kQ 



[NOTES] 1. The load capacitance includes stary capacitance caused 
by the probe, etc. 
2. All diodes are 1S2074 (FT) . 

Figure 3 Test Load 



■ DESCRIPTION OF TERMINAL FUNCTIONS 

The input and output signals of the HD6305X0 are described 
here. 

•Vcc.Vss 

Voltage is applied to MCU through these two terminals. 
Vcc is 5.0V ± 10%, while V§ s is grounded. 

• INT,lNT2 

External interrupt reque st in puts to MCU. For details, refer 
to "INTERRUPTS". The INTi terminal is also used as the 
port D6 terminal. 



• XTAL, EXTAL 

These terminals provide input to the on-chip clock circuit. 
A crystal oscillator (AT cut, 2.0 to 8.0 MHz) or ceramic 
filter is connected to the terminal. Refer to "INTERNAL 
OSCILLATOR" for using these input terminals. 

• TIMER 

This is an input terminal for event counter. Refer to 
"TIMER" for details. 

• RES 

Used to reset the MCU. Refer to "RESET" for details. 

• NUM 

This terminal is not intended for user applications. It should 
be grounded to V§s- 

• Input/Output Terminals (Ao ~ A7 , Bo ~ B7 , Co ~ C7 , Go ~ 

G7) 

These 32 terminals consist of four 8-bit I/O ports (A, B, C, 
G). Each of them can be used as an input or output terminal 
on a bit through program control of the data direction register. 
For details, refer to "I/O PORTS". 

• Input Terminals (Di ~ D7 ) 

These seven input-only terminals are TTL or CM OS com- 
patible. Of the po rt D's , D6 is also used as INT2. If D6 is 
used as a port, the INT2 interrupt mask bit o f the miscellane- 
ous register must be set to "1" to prevent an INT2 interrupt 
from being accidentally accepted. 

• Output Terminals (Eo ~ E7 , Fo ~ F7 ) 

These 16 output-only terminals are TTL or CMOS com- 
patible. 

• STBY 

This termi nal is used to place the MCU into the standby 
mode. With STBY at "Low" level, the oscillation stops and 
the internal condition is reset. For details, refer to "Standby 
Mode". 

The terminals described in the following are I/O pins for 
serial communication interface (SCI). They are also used as 
ports C s> C 6 and C 7 . For details, refer to "SERIAL COM- 
MUNICATION INTERFACE." 

• CK(Cs) 

Used to input or output clocks for serial operation. 

• Tx (C7) 

Used to transmit serial data. 

• Rx (C6 ) 

Used to receive serial data. 
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■MEMORY MAP 

The memory map of the HD6305X0 MCU is shown in 
Fig. 4. During interrupt processing, the contents of the CPU 
registers are saved into the stack in the sequence shown in 
Fig. 5 . This saving begins with the lower byte (PCL) of the 
program counter. Then the value of the stack pointer is 
decremented and the higher byte (PCH) of the program 
counter, index register (X), accumulator (A) and condition 
code register (CC) are stacked in that order. In a subroutine 
call, only the contents of the program counter (PCH and PCL) 
are stacked. 




16383 



* Write only register 

* Read only register 



Figure 4 Memory Map of HD6305X0 MCU 



Push 





7 6 


5 


4 3 2 10 


n-4 


1 1 1 


Condition 
Code Register 


n-3 


Accumulator 


n-2 


Index Register 


n-1 


1 1 


PCH* 


n 


PCL* 



Pull 



n + 1 
n+2 
n+3 
n+4 
n+5 



In a subroutine call, only PCL and PCH are stacked. 



Figure 5 Sequence of Interrupt Stacking 



■ REGISTERS 

There are five registers which the programmer can operate. 



Accumulator 



Index 
Register 

Program 
Counter 

I Stack 
Pointer 



7 

I * I 

7 

I x" 1 



13 











| PC 


13 


6 5 







| |o|o|o|o|o| 
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SP | 
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H I N Z C Code 
I ' i ' i ' i ' i ' Register 



Register 

Carry/ 
Borrow 
Zero 

Negative 

Interrupt 
Mask 
Half 
Carry 



Figure 6 Programming Model 



• Accumulator (A) 

This accumulator is an ordinary 8-bit register which holds 
operands or the result of arithmetic operation or data process- 
ing. 

• Index Register (X) 

The index register is an 8 -bit register, and is used for index 
addressing mode. Each of the addresses contained in the 
register consists of 8 bits which, combined with an offset 
value, provides an effective address. 

In the case of a read/modify/ write instruction, the index 
register can be used like an accumulator to hold operation 
data or the result of operation. 

If not used in the index addressing mode, the register can 
be used to store data temporarily. 

• Program Counter (PC) 

The program counter is a 14-bit register that contains the 
address of the next instruction to be executed. 

• Stack Pointer (SP) 

The stack pointer is a 14-bit register that indicates the ad- 
dress of the next stacking space. Just after reset, the stack 
pointer is set at address $00FF. It is decremented when data 
is pushed, and incremented when pulled. The upper 8 bits 
of the stack pointer are fixed to 0000001 1. During the MCU 
being reset or during a reset stack pointer (RSP) instruction, 
the pointer is set to address $00FF. Since a subroutine or 
interrupt can use space up to address $00C1 for stacking, the 
subroutine can be used up to 31 levels and the interrupt up 
to 12 levels. 

• Condition Code Register (CC) 

The condition code register is a 5-bit register, each bit 
indicating the result of the instruction just executed. The 
bits can be individually tested by conditional branch instruc- 
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tions. The CC bits are as follows: 



Half Carry (H) 
Interrupt (I): 



Negative (N): 



Zero (Z): 



Carry/ 
Borrow (C): 



Used to indicate that a carry occurred be- 
tween bits 3 and 4 during an arithmetic oper- 
ation (ADD, ADC). 

Setting this bit causes all interrupts, except 
a software interrupt, to be masked. If an 
interrupt occurs with the bit I set, it is 
latched. It will be processed the instant 
the interrupt mask bit is reset. (More specifi- 
cally, it will enter the interrupt processing 
routine after the instruction following the 
CLI has been executed.) 
Used to indicate that the result of the most 
recent arithmetic operation, logical operation 
or data processing is negative (bit 7 is logic 
"1"). 

Used to indicate that the result of the most 
recent arithmetic operation, logical operation 
or data processing is zero. 
Represents a carry or borrow that occurred 
in the most recent arithmetic operation. This 
bit is also affected by the Bit Test and Branch 
instruction and a Rotate instruction. 



Of these six interrupts, the INT2 and TIMER or the SCI 
and T1MER2 generate the same vector address, respectively. 

When an interrupt occurs, the program in progress stops 
and the then CPU status is saved onto the stack. And then, 
the interrupt mask bit (I) of the condition code register is 
set and the start address of the interrupt processing routine 
is obtained from a particular interrupt vector address. Then 
the interrupt routine starts from the start address. System 
can exit from the interrupt routine by an RTI instruction. 
When this instruction is executed, the CPU status before 
the interrupt (saved onto the stack) is pulled and the CPU 
restarts the sequence with the instruction next to the one at 
which the interrupt occurred. Table 1 lists the priority of 
interrupts and their vector addresses. 

Table 1 Priority of Interrupts 



■ INTERRUPT 

Ther e are s ix dif ferent types of interrupt: external inter- 
rupts (INT, INT2), internal timer interrupts (TIMER, 
TIMER2), serial interrupt (SCI) and interrupt by an instruc- 
tion (SWI). 



Interrupt 


Priority 


Vector Address 


RES 


1 


$1FFE, $1FFF 


SWI 


2 


$1FFC, $1FFD 


JNT 


3 


$1FFA, $1FFB 


TIMER/INT2 


4 


$1FF8, $1FF9 


SCI/TIMER2 


5 


$1FF6, $1FF7 



A flowchart of the interrupt sequence is shown in Fig. 7. 
A block diagram of the interrupt request source is shown in 
Fig. 8. 
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Figure 7 Interrupt Flowchart 
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In the block diagram, both the external interrupts INT and 

INT2 are edge trigger inputs. At the falling edge of each input, 
an interrupt request is generated and latched. The INT inter- 
rupt req uest is automatically cleared if jum ping i s made to 
the INT processing routine. Meanwhile, the INT2 request is 
cleareu f "0" is written in bit 7 o f the miscell aneous register. 

For the external interrupts (INT, INT2), internal timer 
interrupts (TIMER, TIMER2) and serial interrupt (SCI), each 
interrupt request is held, but not processed, if the I bit of the 
condition code register is set. Immediately after the I bit is 
cleared, the corresponding interrupt processing starts accord- 
ing to t he pri ority. 

The INT2 interrupt can be masked by setting bit 6 of the 
miscellaneous register; the TIMER interrupt by setting bit 6 
of the timer control register; the SCI interrupt by setting bit 
5 of the serial status register; and the TIMER2 interrupt by 
setting bit 4 of the ser ial st atus register. 

The status of the I NT te rminal can be tested by a BIL or 
BIH instruction. The INT falling edge detector circuit and 
its latching circuit are independent of testin g by t hese instruc- 
tions. This is also true with the status of the INT2 terminal. 

• Miscellaneous Register (MR; $000 A) 

Th e interrupt vector address for the external interrupt 
INT2 is the same as that for the TIMER interrupt, as shown 
in Table 1 . For this reason, a special register called the miscel- 
laneous register (MR; S000A) is available to control the 
INT2 interrupts. 



Bit 7 of this register is the INT2 int errup t request flag. 
When the falling edge is detected at the INT2 terminal, "1" 
is set in bit 7. Then the software in the interrupt routine 
(v ector addresses: S1FF8, $1FF9) checks bit 7 to see if it 
is INT2 interrupt. Bit 7 can be reset by software. 



Miscellaneous Register (MR;$O0OA) 
7 6 5 _ 4 _ 3 2 _ 1 ° _ 



T 



INT2 Interrupt Mask 

INT2 Interrupt Request Flag 



Miscellaneous Register (MR;$000A) 



Bit 6 is t he IN T2 interrupt mask bit. If this bit is set to "1", 
then the INT2 interrupt is disabled. Both read and write are 
possible with bit 7 but "1" cannot be written in this bit by 
software. This means that an interrupt request by software 
is impossible. 

When reset, bit 7 is cleared to "0" and bit 6 is set to "1". 

■TIMER 

Figure 9 shows an MCU timer block diagram. The timer 
data register is loaded by software and, upon receipt of a 
clock input, begins to count down. When the timer data 



BIH/BILTest 



Vectoring generated 
$1FFA,$1FFB 



Condition Code Register (CO 



INT &Sfl-^- j | *■ 



Interrupt Control 
Circuit 



INT2 



TIMER 
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$1FF8,$1FF9 



Serial Status 
Register (SSR) 

SCI/TIMER2 |SSR7|SSR6|SSR5|SSB4| 



Vectoring generated 
$1FF6,$1FF7 



Figure 8 Interrupt Request Generation Circuitry 
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register (TDR) becomes "0", the timer interrupt request 
bit (bit 7) in the timer control register is set. In response to 
the interrupt request, the MCU saves its status into the stack 
and fetches timer interrupt routine address from addresses 
$1FF8 and S1FF9 and execute the interrupt routine. The 
timer interrupt can be masked by setting the timer interrupt 
mask bit (bit 6) in the timer control register. The mask bit 
(I) in the condition code register can also mask the timer 
interrupt. 

The source clock to the timer can be either an external 
signal from the timer input terminal or the internal E signal 
(the oscillator clock divided by 4). If the E signal is used as 
the source, the clock input can be gated by the input to the 
timer input terminal. 

Once the timer count has reached "0", it starts counting 
down with "$FF". The count can be monitored whenever 
desired by reading the timer data register. This permits the 
program to know the length of time having passed after the 
occurrence of a timer interrupt, without disturbing the con- 
tents of the counter. 

When the MCU is reset, both the prescaler and counter are 
initialized to logic "1". The timer interrupt request bit 
(bit 7) then is cleared and the timer interrupt mask bit (bit 
6) is set. 

To clear the timer interrupt request bit (bit 7), it is neces- 
sary to write "0" in that bit. 



TCR7 


Timer interrupt request 





Absent 


1 


Present 




TCR6 


Timer interrupt mask 





Enabled 


1 


Disabled 



• Timer Control Register (TCR;$0009) 

Selection of a clock source, selection of a prescaler fre- 
quency division ratio, and a timer interrupt can be controlled 
by the timer control register (TCR; $0009). 

For the selection of a clock source, any one of the four 
modes (see Table 2) can be selected by bits 5 and 4 of the 
timer control register (TCR). 

Timer Control Register (TCR; $0009) 
7 6 5 4 3 2 10 



TCR7 TCR6 TCR5 TCR4 TCR3 TCR2 TCR1 TCRO 



t— Prescaler division ratio selection 
-Prescaler initialize 
Clock input source 



- Timer interrupt mask 

— Timer interrupt request 



After reset, the TCR is initialized to "E under timer termi- 
nal control" (bit 5 = 0, bit 4 = 1). If the timer terminal is 
"1", the counter starts counting down with "$FF" immediate- 
ly after reset. 

When "1" is written in bit 3, the prescaler is initialized. 
This bit always shows "0" when read. 

Table 2 Clock Source Selection 



TCR 


Clock input source 


Bit 5 


Bit 4 








Internal clock E 





1 


E under timer terminal control 


1 





No clock input (counting stopped) 


1 


1 


Event input from timer terminal 



(Internal 
Clock) 
E " 



l> 



£> 



TIMER 

Input 

Terminal 



Clock Input 



Initialize 



Prescaler 



Multiplexer 



Timer Data 
Register (TDR;$0008 ) 



8-Bit Counter 



Timer Control 
Register 

(TCR;$0009) 



Timer Interrupt 



Write Read 

Figure 9 Timer Block Diagram 
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A prescaler division ratio is selected by the combination of 
three bits (bits 0, 1 and 2) of the timer control register (see 
Table 3). There are eight different division ratios: H, -s-2,-j4, 
*8, -H 6, -K32, -^64 and -f 1 28. After reset, the TCR is set to the 
•H mode. 

Table 3 Prescaler Division Ratio Selection 



TCR 




Bit 2 


Bit 1 


BitO 


Prescaler division ratio 











t1 








1 


*2 





1 





+4 





1 


1 


*8 


1 








-M6 


1 





1 


*3?. ' 


1 


1 





■r64 ,s» 


1 


1 


1 


-^128 . 



A timer interrupt is enabled when the timer interrupt mask 
bit is "0", and disabled when the bit is "1". When a timer 
interrupt occurs, "1" is set in the timer interrupt request bit. 
This bit can be cleared by writing "0" in that bit. 

■SERIAL COMMUNICATION INTERFACE (SCI) 

This interface is used for serial transmission or reception 
of 8-bit data. Sixteen transfer rates are available in the range 
from 1 jus to approx. 32 ms (for oscillation at 4 MHz). 

The SCI consists of three registers, one eighth counter and 
one prescaler. (See Fig. 10.) SCI communicates with the CPU 
via the data bus, and with the outside world through bits 5, 
6 and 7 of port C. Described below are the operations of 
each register and data transfer. 



•SCI Control Register (SCR; $0010) 



7 


6 


5 


4 


3 


2 


1 





SCR7 SCR6 SCR5 SCR4 SCR3 SCR2 


SCR1 


SCRO 



_J£ 



G 6 (CK) 



C 6 (Rx) 



C 7 (Tx) 



SCI Control Registers (SCR; 0010) 



SCR7 



SCR6 



SCR5 



SCR4 
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SCR1 
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t> «- 
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4 3_ 



Eighth 
Counter 



LSB 
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SSR6 
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SSR4 
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HXEOXl 



SCI Status Registers 
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Not Used 



SCI TIMER 2 



Figure 10 SCI Block Diagram 
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SCR7 


C 7 terminal 





Used as I/O terminal (by DDR). 


1 


Serial data output (DDR output) 




SCR6 


C 6 terminal 





Used as I/O terminal (by DDR). 


1 


Serial data input (DDR input) 
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Clock source 


C 5 terminal 
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Used as I/O terminal (by 
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DDR). 
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Internal 


Clock output (DDR output) 


1 


1 


External 


Clock input (DDR input) 



Bit 7 (SCR7) 

When this bit is set, the DDR corresponding to the C 7 
becomes "1" and this terminal serves for output of SCI data. 
After reset, the bit is cleared to "0". 

Bit 6 (SCR6) 

When this bit is set, the DDR corresponding to the C 6 
becomes "0" and this terminal serves for input of SCI data. 
After reset, the bit is cleared to "0". 

Bits5and4(SCR5,SCR4) 

These bits are used to select a clock source. After reset, 
the bits are cleared to "0". 

Bits 3-0 (SCR3 ~ SCR0) 

These bits are used to select a transfer clock rate. After 
reset, the bits are cleared to "0". 
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Transfer clock rate 
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Bit 7 (SSR7) 

Bit 7 is the SCI interrupt request bit which is set upon 
completion of transmitting or receiving 8-bit data. It is 
cleared when reset or data is written to or read from the 
SCI data register with the SCR5="1". The bit can also be 
cleared by writing "0" in it. 

Bit 6 (SSR6) 

Bit 6 is the TIMER 2 interrupt request bit. TIMER 2 is used 
commonly with the serial clock generator, and SSR6 is set 
each time the internal transfer clock falls. When reset, the 
bit is cleared. It also be cleared by writing "0" in it. (For 
details, see TIMER 2 .) 

Bit 5 (SSR5) 

Bit 5 is the SCI interrupt mask bit which can be set or 
cleared by software. When it is "1", the SCI interrupt (SSR7) 
is masked. When reset, it is set to "1". 

Bit 4 (SSR4) 

Bit 4 is the TIMER 2 interrupt mask bit which can be set 
or cleared by software. When the bit is "1", the TMER 2 
interrupt (SSR6) is masked. When reset, it is set to "1". 

Bit 3 (SSR3) 

When "1" is written in this bit, the prescaler of the transfer 
clock generator is initialized. When read, the bit always is "0". 

Bits 2 ~ 

Not used. 



SSR7 


SCI interrupt request 





Absent 


1 


Present 




SSR6 


TIMER 2 interrupt request 





Absent 


1 


Present 




SSR5 


SCI interrupt mask 





Enabled 


1 


Disabled 




SSR4 


TIMER 2 interrupt mask 





Enabled 


1 


Disabled 



•SCI Data Register (SDR; $0012) 

A serial-parallel conversion register that is used for transfer 
of data. 

•SCI Status Register (SSR;$0011) 

6 



SSR7 



SSR6 



SSR5 



SSR4 



^<^ 



• Data Transmission 

By writing the desired control bits into the SCI control 
registers, a transfer rate and a source of transfer clock are 
determined and bits 7 and 5 of port C are set at the serial 
data output terminal and the serial clock terminal, respec- 
tively. The transmit data should be stored from the accumu- 
lator or index register into the SCI data register. The data 
written in the SCI data register is output from the C 7 /Tx 
terminal, starting with the LSB, synchronously with the 
falling edge of the serial clock. (See Fig. 11.) When 8 bits of 
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data have been transmitted, the interrupt request bit is set in 
bit 7 of the SCI status register with the rising edge of the 
last serial clock. This request can be masked by setting bit 
5 of the SCI status register. Once the data has been sent, the 
8th bit data (MSB) stays at the C7/TX terminal. If an external 
clock source has been selected, the transfer rate determined by 
bits ~ 3 of the SCI control register is ignored, and the Cs/ 
CK terminal is set_as input. If the internal clock has been 
selected, the Cs/CK terminal is set as output and clocks are 
output at the transfer rate selected by bits ~ 3 of the SCI 
control register. 



» 1 2 3 4 -,-§-.., 6 L, ■i-lJ- 


8 


O UW ,0.„,C 7 -T., E «^ LSB W £ X X X X XI 


MSB 


Input Data Ulch 1 V 1 1 1 1 | 1 1 
T, m ,n,(C./RKl 1 1 1 1 1 1 .1. 1 



Figure 1 1 SCI Timing Chart 

• Data Reception 

By writing the desired control bits into the SCI control 
register, a transfer rate and a source of transfer clock are de- 
termined and bit 6 and 5 of port C are set at the serial data 
input terminal and the serial clock terminal, respectively. 
Then dummy-writing or -reading the SCI data register, the 
system is ready for receiving data. (This procedure is not 
needed after reading subseqent received data. It must be taken 
after reset and after not reading subsequent received data.) 

The data from the C 6 /Rx terminal is input to the SCI 
data register synchronously with the rising edge of the 
serial clock (see Fig. 11). When 8 bits of data have been re- 
ceived, the interrupt request bit is set in bit 7 of the SCI 
status register. This request can be masked by setting bit 5 
of the SCI status register. If an external clock source have been 
selected, the transfer rate determined by bits ~ 3 of the SCI 
control register is ignored and the_data is received synchro- 
nously with the clock from the C S /CK terminal. If the internal 
clock has been selected, the C S /CK terminal is set as output 
and clocks are output at the transfer rate selected by bits ~ 
3 of the SCI control register. 

• TIMER2 

The SCI transfer clock generator can be used as a timer. 
The clock selected by bits 3 ~ of the SCI control register 
(4 jus ~ approx. 32 ms (for oscillation at 4 MHz)) is input to 
bit 6 of the SCI status register and the TIMER2 interrupt 
request bit is set at each falling edge of the clock. Since inter- 
rupt requests occur periodically, TIMER2 can be used as a 
reload counter or clock. 



© 



®<D 

"1_ 



© 



: Transfer clock generator is reset and mask bit (bit 4 
of SCI status register) is cleared. 
(D,(D :TIMER2 interrupt request 
(D,® :TIMER2 interrupt request bit cleared 



TIMER2 is commonly used with the SCI transfer clock 
generator. If wanting to use TIMER2 independently of the 
SCI, specify "External" (SCR5 = 1, SCR4 = 1) as the SCI 
clock source. 

If "Internal" is selected as the clock source, reading or 
writing the SDR causes the prescaler of the transfer clock 
generator to be initialized. 

• I/O PORTS 

There are 32 input/output terminals (ports A, B, C, G). 
Each I/O terminal can be selected for either input or output 
by the data direction register. More specifically, an I/O port 
will be input if "0" is written in the data direction register, 
and output if "1" is written in the data direction register. 
Port A, B or C reads latched data if it has been programmed 
as output, even with the output level being fluctuated by the 
output load. (See Fig. 12-a.) For port G, in such a case, the 
level of the pin is always read when it is read. (See Fig. 12-b.) 
This implies that, even when "1" is being output, port G may 
read "0" if the load condition causes the output voltage to 
decrease to below 2.0V. 

When reset, the data direction register and data register go 
to "0" and all the input/output terminals are used as input. 




Bit of data 
direction 
register 


Bit of 

output 

data 
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output 


Input to 
CPU 
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1 
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Pin 



a. Ports A, B and C 



Date 

Direction 
Register 



Output ^^ 



b. PortG 
Figure 12 Input/Output Port Diagram 
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There are 16 output-only terminals (ports E and F). Each 
of them can also read. In this case, latched data is read even 
with the output terminal level being fluctuated by the output 
load (as with ports A, B and C). 
When reset, "Low" level is output from each output terminal. 

Seven input-only terminals are available (port D). Writing 
to an input terminal is invalid. 

All input/output terminals, output terminals and input 
terminals are TTL compatible and CMOS compatible in re- 
spect of both input and output. 

If I/O ports or input ports are not used, they should be 
connected to V$s via resistors. With none connected to these 
terminals, there is the possibility of power being consumed 
despite that they are not used. 

(RESET 

The MCU can be reset either by external reset input (RES) 
or power-on reset. (See Fig. 13.) On power up, the reset 
input must be held "Low" for at least t osc to assure that the 
internal oscillator is stabilized. A sufficient tim e of d elay can 
be obtained by connecting a capacitance to the RES input as 
shown in Fig. 14. 




Figure 1 3 Power On and Reset Timing 
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Figure 15 Internal Oscillator Circuit 
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Figure 1 6 Parameters of Crystal 
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Figure 14 Input Reset Delay Circuit 



•INTERNAL OSCILLATOR 

The internal oscillator circuit is designed to meet the 
requirement for minimum external configurations. It can be 
driven by connecting a crystal (AT cut 2.0 ~ 8.0MHz) or 
ceramic oscillator between pins 5 and 6 depending on the re- 
quired oscillation frequency stability. 

Three different terminal connections are shown in Fig. 15. 
Figs. 16 and 17 illustrate the specifications and typical arrange- 
ment of the crystal, respectively. 





Crystal 



[NOTE] Use as short wirings as possible for connection of the crystal 
with the EXTAL and XTAL terminals. Do not allow these 
wirings to cross others. 

Figure 17 Typical Crystal Arrangement 
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■ LOW POWER DISSIPATION MODE 

The HD6305X0 has three low power dissipation modes: 
wait, stop and standby. 

» Wait Mode 

When WAIT instruction being executed, the .iCU enters 
into the wait mode. In this mode, the oscillator stays active 
but the internal clock stops. The CPU stops but the peripheral 
functions - the timer and the serial communication inter- 
face — stay active. (NOTE: Once the system has entered the 
wait mode, the serial communication interface can no longer 
be retriggered.) In the wait mode, the registers, RAM and I/O 
terminals hold their condition just before entering into the 
wait mode. 

The escape from this mode can be d one by inte rrupt ( INT, 
T1MER/INT2 or SC1/TIM ER2), RES or STBY. The RES 
resets the MCU and the STBY brings it into the standby 
mode. (This will be mentioned later.) 

When interrupt is requested to the CPU and accepted, the 
wait mode escapes, then the CPU is brought to the operation 
mode and vectors to the interrupt routine. If the interrupt is 
masked by the I bit of the condition code register, after releas- 
ing from the wait mode the MCU executes the i nstru ction 
next to the W AIT. If an interrupt other than the INT (i.e., 
TIMER/INT2 or SCI/TIMER2) is masked by the timer control 
register, miscellaneous register or serial status register, there 
is no interrupt request to the CPU, so the wait mode cannot 
be released. 

Fig. 18 shows a flowchart for the wait function. 

► Stop Mode 

When STOP instruction being executed, MCU enters into 
the stop mode. In this mode, the oscillator stops and the CPU 
and peripheral functions become inactive but the RAM, 
registers and I/O terminals hold their condition just before 



entering into the stop mode. 

The escape fro m th is mod e c an be done by a n external 
interrupt (IN T or JN Ti), RES or STBY. The RES resets the 
MCU and the STBY brings into the standby mode. 

When interrupt is requested to the CPU and accepted, 
the stop mode escapes, then the CPU is brought to the opera- 
tion mode and vectors to the interrupt routine. If the inter- 
rupt is masked by the I bit of the condition code register, 
after releasing from the stop mode , the MCU executes the 
instruction next to the STOP. If the INT2 interrupt is masked 
by the miscellaneous register, there is no interrupt request to 
the MCU, so the stop mode cannot be released. 

Fig. 19 shows a flowchart for the stop function. Fig. 20 
shows a timing chart of return to the operation mode from 
the stop mode. 

For releasing from the stop mode by an interrupt, oscilla- 
tion starts upon input of the interrupt and, after the internal 
delay time for sta bilize d oscillation, the CPU beco mes ac tive. 
For restarting by RES, oscillation starts when the RES goes 
"0" andjhe CPU restarts when the RES goes "1". The dura- 
tion of RES="0" must exceed t sc to assure stabilized oscil- 
lation. 

• Standby Mode 

The MCU enters into the standby mode when the STBY 
terminal goes "Low". In this mode, all operations stop and 
the internal condition is reset but the contents of the RAM are 
hold. The I/O terminals turn to high-i mpedan ce state. The 
standby mode should escape by bringing STBY "High". The 
CPU must be r estarte d by reset. The timing of input signals 
at the RES and STBY terminals is shown in Fig. 21. 

Table 4 lists the status of each parts of the MCU in each 
low power dissipation modes. Transitions between each mode 
are shown in Fig. 22. 
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Figure 18 Wait Mode Flowchart 
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Figure 19 Stop Mode Flowchart 
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(b) Restart by Reset 
Figure 20 Timing Chart of Releasing from Stop Mode 
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Figure 21 Timing Chart of Releasing from Standby Mode 



Table 4 Status of Each Part of MCU in Low Power Dissipation Modes 
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Figure 22 Transitions among Active Mode, Wait Mode, 
Stop Mode, Standby Mode and Reset 



■ BIT MANIPULATION 

The HD6305X0 MCU can use a single instruction (BSET 
or BCLR) to set or clear one bit of the RAM or an I/O port 
(except the write-only registers such as the data direction 
register). Every bit of memory or I/O within page ($00 ~ 
$FF) can be tested by the BRSET or BRCLR instruction; 
depending on the result of the test, the program can branch to 
required destinations. Since bits in the RAM, or I/O can be 
manipulated, the user may use a bit within the RAM as a flag 
or handle a single I/O bit as an independent I/O terminal. 
Fig. 23 shows an example of bit manipulation and the validity 
of test instructions. In the example, the program is configured 
assuming that bit of port A is connected to a zero cross 
detector circuit and bit 1 of the same port to the trigger of a 
triac. 

The program shown can activate the triac within a time of 
10/is from zero-crossing through the use of only 7 bytes on 
the ROM. The on-chip timer provides a required time of 
delay and pulse width modulation of power is also possible. 

SELF 1. BRCLR 0, PORT A, SELF 1 
BSET 1 , PORT A 
BCLR 1 , PORT A 

Figure 23 Example of Bit Manipulation 



■ADDRESSING MODES 

Ten different addressing modes are available to the 
HD6305X0 MCU. 

• Immediate 

See Fig. 24. The immediate addressing mode provides 
access to a constant which does not vary during execution of 



the program. 

This access requires an instruction length of 2 bytes. The 
effective address (EA) is PC and the operand is fetched from 
the byte that follows the operation code. 

• Direct 

See Fig. 25. In the direct addressing mode, the address of 
the operand is contained in the 2nd byte of the instruction. 
The user can gain direct access to memory up to the lower 
255th address. All RAM and I/O registers are on page of ad- 
dress space so that the direct addressing mode may be utilized. 

• Extended 

See Fig. 26. The extended addressing is used for referenc- 
ing to all addresses of memory. The EA is the contents of 
the 2 bytes that follow the operation code. An extended 
addressing instruction requires a length of 3 bytes. 

• Relative 

See Fig. 27. The relative addressing mode is used with 
branch instructions only. When a branch occurs, the program 
counter is loaded with the contents of the byte following the 
operation code. EA = (PC) + 2 + Rel., where Rel. indicates a 
signed 8-bit data following the operation code. If no branch 
occurs, Rel. = 0. When a branch occurs, the program jumps 
to any byte in the range +129 to -127. A branch instruction 
requires a length of 2 bytes. 

• Indexed (No Offset) 

See Fig. 28. The indexed addressing mode allows access 
up to the lower 255th address of memory. In this mode, an 
instruction requires a length of one byte. The EA is the 
contents of the index register. 
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• Indexed (8-bit Offset) 

See Fig. 29. The EA is the contents of the byte follow- 
ing the operation code, plus the contents of the index register. 
This mode allows access up to the lower 511th address of 
memory. Each instruction when used in the index addressing 
mode (8-bit offset) requires a length of 2 bytes. 

• Indexed (16-bit Offset) 

See Fig. 30. The contents of the 2 bytes following the 
operation code are added to content of the index register 
to compute the value of EA. In this mode, the complete 
memory can be accessed. When used in the indexed address- 
ing mode (16-bit offset), an instruction must be 3 bytes long. 

• Bit Set/Clear 

See Fig. 31. This addressing mode is applied to the BSET 
and BCLR instructions that can set or clear any bit on page 
0. The lower 3 bits of the operation code specify the bit to 
be set or cleared. The byte that follows the operation code 
indicates an address within page 0. 



• Bit Test and Branch 

See Fig. 32. This addressing mode is applied to the BRSET 
and BRCLR instructions that can test any bit within page 
and can be branched in the relative addressing mode. The 
byte to be tested is addressed depending on the contents of 
the byte following the operation code. Individual bits within 
the byte to be tested are specified by the lower 3 bits of the 
operation code. The 3rd byte represents a relative value which 
will be added to the program counter when a branch condition 
is established. Each of these instructions should be 3 bytes 
long. The value of the test bit is written in the carry bit of the 
condition code register. 

• Implied 

See Fig. 33. This mode involves no EA. All information 
needed for execution of an instruction is contained in the 
operation code. Direct manipulation on the accumulator 
and index register is included in the implied addressing mode. 
Other instructions such as SWI and RTI are also used in this 
mode. All instructions used in the implied addressing mode 
should have a length of one byte. 
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Figure 24 Example of Immediate Addressing 
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Figure 25 Example of Direct Addressing 
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Figure 26 Example of Extended Addressing 
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Figure 27 Example of Relative Addressing 
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Figure 29 Example of Index (8-bit Offset) Addressing 
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Figure 30 Example of Index (16-bit Offset) Addressing 
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Figure 31 Example of Bit Set/Clear Addressing 
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Figure 32 Example of Bit Test and Branch Addressing 





1 
Memory 




|EA 




| - 






1 




| 










» 


\ 






/ 


Adder 
















A 






r— 1 E5 | 






| Index Reg 






l-H E5 | 


PROG TAX 05BA 


97 


1 1 








Prog Count 






1 








CC 






1 1 

































Figure 33 Example of Implied Addressing 



■ INSTRUCTION SET 

There are 62 basic instructions available to the HD6305X0 
MCU. They can be classified into five categories: register/ 
memory, read/modify /write, branch, bit manipulation, and 
control. The details of each instruction are described in 
Tables 5 through 11. 

• Register/Memory Instructions 

Most of these instructions use two operands. One operand 
is either an accumulator or index register. The other is derived 
from memory using one of the addressing modes used on the 
HD6305X0 MCU. There is no register operand in the uncon- 
ditional jump instruction (JMP) and the subroutine jump 
instruction (JSR). See Table 5. 

• Read/Modify/Write Instructions 

These instructions read a memory or register, then modify 
or test its contents, and write the modified value into the 
memory or register. Zero test instruction (TST) does not 
write data, and is handled as an exception in the read/modify/ 
write group. See Table 6. 
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• Branch Instructions 

A branch instruction branches from the program sequence 
in progress if a particular condition is established. See Table 7. 

• Bit Manipulation Instructions 

These instructions can be used with any bit located up to 
the lower 255th address of memory. Two groups are available; 
one for setting or clearing and the other for bit testing and 
branching. See Table 8. 

• Control Instructions 

The control instructions control the operation of the MCU 
which is executing a program. See Table 9. 

• List of Instructions in Alphabetical Order 

Table 10 lists all the instructions used on the HD6305X0 
MCU in the alphabetical order. 

• Operation Code Map 

Table 1 1 shows the operation code map for the instructions 
used on the MCU. 
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Table 5 


Register/Memory Instructions 




















Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic 
Operation 




Operations 


Immediate 


Direct 


Extended 


Indexed 
(No Offset) 


Indexed 
(8-Bit Offset) 


Indexed 
|16-Bit Offset) 


Condition 
Code 




OP 


* 


~ 


OP 


9 


- 


OP 


# 


~ 


OP 


« 


- 


OP 


* 


- 


OP 


* 


- 


H 


I 


N 


Z 


c 


Load A from Memory 


LDA 


A6 


2 


2 


B6 


2 


3 


C6 


3 


4 


F6 


1 


3 


E6 


2 


4 


Del 


3 


5 


M-A 


• 




A 




• 


Load X from Memory 


LDX 


AE 


2 


2 


BE 


2 


3 


CE 


3 


4 


FE 


1 


3 


EE 


2 


4 


DE 


3 


5 


M-X 


• 




r 




• 


Store A in Memory 


STA 








B7 


2 


3 


C7 


3 


4 


F7 


1 


4 


E7 


2 


4 


D7 


3 


5 


A-M 


• 




' 




• 


Store X in Memory 


STX 








BF 


2 


3 


CF 


3 


4 


FF 


1 


4 


EF 


2 


4 


OF 


3 


5 


X-M 


• 








• 


Add Memory to A 


ADD 


AB 


2 


2 


BB 


2 


3 


CB 


3 


4 


FB 


1 


3 


EB 


2 


4 


DB 


3 


5 


A+M-A 












Add Memory and Carry 
to A 


ADC 


A9 


2 


2 


B9 


2 


3 


C9 


3 


4 


F9 


1 


3 


E9 


2 


4 


D9 


3 


5 


A+M+C-A 












Subtract Memory 


SUB 


AO 


2 


2 


BO 


2 


3 


CO 


3 


4 


FO 


1 


3 


EO 


2 


4 


DO 


3 


5 


A-M-A 


• 










Subtract Memory from 
A with Borrow 


SBC 


A2 


2 


2 


B2 


2 


3 


C2 


3 


4 


F2 


1 


3 


E2 


2 


4 


D2 


3 


5 


A-M-C-A 


• 










AND Memory to A 


AND 


A4 


2 


2 


B4 


2 


3 


C4 


3 


4 


F4 


1 


3 


E4 


2 


4 


D4 


3 


5 


A. M-A 


• 








• 


OR Memory with A 


ORA 


AA 


2 


2 


BA 


2 


3 


CA, 


3 


4 


FA 


1 


3 


EA 


2 


4 


DA 


3 


5 


A+M-A 


• 








• 


Exclusive OR Memory 
with A 


EOR 


A8 


2 


2 


B8 


2 


3 


C8 


3 


4 


F8 


1 


3 


E8 


2 


4 


D8 


3 


5 


A+ M .A 


• 








• 


Arithmetic Compare A 
with Memory 


CMP 


A1 


2 


2 


B1 


2 


3 


C1 


3 


4 


F1 


1 


3 


El 


2 


4 


D1 


3 


5 


A-M 


• 










Arithmetic Compare X 
with Memory 


CPX 


A3 


2 


2 


B3 


2 


3 


C3 


3 


4 


F3 


1 


3 


E3 


2 


4 


D3 


3 


5 


X-M 


• 










Bit Test Memory with 
A (Logical Compare) 


BIT 


A5 


2 


2 


B5 


2 


3 


C5 


3 


4 


F5 


i 


3 


E5 


2 


4 


D5 


3 


5 


A-M 


• 








• 


Jump Unconditional 


JMP 








BC 


2 


2 


CC 


3 


3 


FC 


1 


2 


EC 


2 


3 


DC 


3 


4 














Jump to Subroutine 


JSR 








BD 


2 


S 


CD 


3 


6 


FD 


i 


5 


ED 


2 


5 


DD 


3 


6 















Symbols: Op= Operation 
# ■ Number of 
~ ■ Number of 



bytes 
cycles 



Table 6 Read/Modify/Write Instructions 





Mnemonic 


Addressing Modes 


Boolean/Arithmetic Operation 












Operations 


Implied(A) 


Implied(X) 


Direct 


Indexed 
(No Offset) 


Indexed 
(8-Bit Offset) 


Condition 
Code 




OP 


s 


- 


OP 


«l- 


OP 


8 


- 


OP 


s 


- 


OP 


» 


- 


H 


1 


N 


z 


c 


Increment 


INC 


4C 


1 


2 


5C 


1 


2 


3C 


2 


5 


7C 


1 


5 


6C 


2 


6 


A + 1-Aor X + 1-X or M + 1-M 




• 


A 




• 


Decrement 


DEC 


4A 


1 


2 


5A 


1 


2 


3A 


2 


5 


7A 


1 


5 


6A 


2 


6 


A-1-Aor X-1-Xor M-1-M 




• 


A 




• 


Clear 


CLR 


4F 


1 


2 


5F 


1 


2 


3F 


2 


5 


7F 


1 


5 


6F 


2 


6 


00-A or 00-X or 00-M 




• 





1 


• 


Complement 


COM 


43 


1 


2 


53 


1 


2 


3? 


2 


5 


73 


1 


5 


63 


2 


6 


X-AorU-Xor M-M 




• 


A 


' 


1 


Negate 

(2's Complement) 


NEG 


40 


1 


2 


SO 


1 


2 


30 


2 


5 


70 


1 


5 


60 


2 


6 


OO-A-A-or OO-X-X 
or OO-M-M 




• 


*, 


A 


^ 




ROL 


49 


1 


2 


59 


1 


2 


39 


2 


5 


79 


1 


5 


69 


2 


6 






• 


* 


^ 




Rotate Left Thru Carry 


1 C t» A or X or* b, | 




H H Mill! 1 H 




Rotate Right Thru Carry 


ROR 


46 


1 


2 


56 


1 


2 


36 


2 


5 


76 


1 


5 


66 


2 


6 


1 "' ■ ■ b °l 1 




• 


A 


A 




LjcM | \*w\ 1 |J 






LSL 


48 


1 


2 


58 


1 


2 


38 


2 


5 


78 


1 


5 


68 


2 


6 






• 


A 


* 










Logical Shift Left 


i h n«:*u 1 1 h-<> 






LSR 


44 


1 


2 


54 


1 


2 


34 


2 


5 


74 


1 


5 


64 


2 


6 






• 





A 






b7 ~ to C 




Logical Shift Right 


•-I 1 IaJJ.'mI 1 H 1 


A 




ASR 


47 


1 


2 


57 


1 


2 


37 


2 


S 


77 


1 


5 


67 


2 


6 






• 


A 


A 




Arithmetic Shift Right 






M'l W*U4\ W 1 




Arithmetic Shift Left 


ASL 


48 


1 


2 


58 


1 


2 


38 


2 


5 


78 


1 


5 


68 


2 


6 


Equal to LSL 




• 


A 


A 


A 


Teat for Negative 
or Zero 


TST 


40 


1 


2 


SO 


1 


2 


30 


2 


4 


7D 


1 


4 


60 


2 


5 


A-OOor X-OOor M-00 




• 


A 


A 


• 



Symbols: Op • Operation 

# - Number of bytes 
~ » Number of cycles 
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Table 7 Branch Instructions 





Mnemonic 


Addressing Modes 


Branch Test 


Condition Code 


Operations 


Relative 




OP 


# 


~ 


H 


I 


N 


Z 


c 


Branch Always 


BRA 


20 


2 


3 


None 












Branch Never 


BRN 


21 


2 


3 


None 












Branch IF Higher 


BHI 


22 


2 


3 


c+z=o 












Branch IF Lower or Same 


BLS 


23 


2 


3 


C+Z=1 












Branch IF Carry Clear 


BCC 


24 


2 


3 


c=o 












(Branch IF Higher or Same) 


(BHS) 


24 


2 


3 


c=o 












Branch IF Carry Set 


BCS 


25 


2 


3 


C = 1 












(Branch IF Lower) 


(BLO) 


25 


2 


3 


C = 1 












Branch IF Not Equal 


BNE 


26 


2 


3 


z=o 












Branch IF Equal 


BEQ 


27 


2 


3 


Z=1 












Branch IF Half Carry Clear 


BHCC 


28 


2 


3 


H=0 












Branch IF Half Carry Set 


BHCS 


29 


2 


3 


H = 1 












Branch IF Plus 


BPL 


2A 


2 


3 


N=0 












Branch IF Minus 


BMI 


2B 


2 


3 


N = 1 












Branch IF Interrupt Mask 
Bit is Clear 


BMC 


2C 


2 


3 


l=0 












Branch IF Interrupt Mask 
Bit is Set 


BMS 


2D 


2 


3 


1 = 1 












Branch IF Interrupt Line 
is Low 


BIL 


2E 


2 


3 


INT=0 












Branch IF Interrupt Line 
is High 


BIH 


2F 


2 


3 


INT = 1 












Branch to Subroutine 


BSR 


AD 


2 


5 
















Symbols: Op 

# 



= Operation 

= Number of bytes 

- Number of cycles 



Table 8 Bit Manipulation Instructions 





Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic 
Operation 


Branch 
Test 












Operations 


Bit Set/Clear 


Bit Test and Branch 


lAJiiumon uoae 




OP 


# 


~ 


OP 


# 


~ 


H 


I 


N 


Z 


c 


Branch IF Bit n is set 


BRSET n(n=0-7) 




- 


_ 


2n 


3 


5 





Mn=1 


• 


• 


• 


• 


A 


Branch IF Bit n is clear 


BRCLR n(n=0--7) 


- 


- 


- 


01+2-n 


3 


5 





Mn=0 


• 


• 


• 


• 


A 


Set Bit n 


BSET n(n=0-7) 


10+2-n 


2 


5 


._ 


- 


- 


1-Mn 















Clear Bit n 


BCLR n(n=0-7) 


11+2-n 


2 


5 


- 


- 


- 


O-Mn 
















Symbols: Op = Operation 

# » Number of bytes 
~ = Number of cycles 
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Table 9 Control Instructions 





Mnemonic 


Addressing Modes 


Boolean Operation 












Operations 


Implied 


Condition uoae 




OP 


# 


~ 


H 


1 


N 


Z 


c 


Transfer A to X 


TAX 


97 




2 


A-X 




• 






• 


Transfer X to A 


TXA 


9F 




2 


X-A 




• 






• 


Set Carry Bit 


SEC 


99 




1 


1-»C 




• 






1 


Clear Carry Bit 


CLC 


98 




1 


0-C 




• 









Set Interrupt Mask Bit 


SEI 


9B 




2 


1-1 




1 








Clear Interrupt Mask Bit 


CLI 


9A 




2 


0-1 













Software Interrupt 


SWI 


83 




10 






1 








Return from Subroutine 


RTS 


81 




5 






• 








Return from Interrupt 


RTI 


80 




8 






? 








Reset Stack Pointer 


RSP 


9C 




2 


$FF-SP 












No-Operation 


NOP 


90 




1 


Advance Prog. Cntr. Only 












Decimal Adjust A 


DAA 


8D 




2 


Converts binary add of BCD charcters into 
BCD format 










A* 


Stop 


STOP 


8E 




4 














Wait 


WAIT 


8F 




4 















Symbols: Op = 

# = 



Operation 
Number of bytes 
Number of cycles 



* Are BCD characters of upper byte 10 or more? (They are not cleared if set in advance.) 



Table 10 Instruction Set (in Alphabetical Order) 













Addressing Modes 










Condition 


Code 


Mnemonic 


Implied 


Immediate 


Direct 


Extended 


Relative 


Indexed 
(No Offset) 


Indexed 
(8-Bit) 


Indexed 
(16-Bit) 


Bit 
Set/ 
Clear 


Bit 
Test & 
Branch 


H 


I 


N 


Z 


c 


ADC 




X 


X 


X 




X 


X 


X 






A 




A 


A 


A 


ADD 




X 


X 


X 




X 


X 


X 






A 




A 


A 


A 


AND 




X 


X 


X 




X 


X 


X 










A 


A 


• 


ASL 


X 




X 






X 


X 












A 


A 


A 


ASR 


X 




X 






X 


X 












A 


A 


A 


BCC 










X 






















BCLR 


















X 














BCS 










X 






















BEQ 










X 






















BHCC 










X 






















BHCS 










X 






















BHI 










X 






















(BHS) 










X 






















BIH 










X 






















BIL 










X 






















BIT 




X 


X 


X 




X 


X 


X 
















(BL0) 










X 






















BLS 










X 






















BMC 










X 






















BMI 










X 






















BMS 










X 






















BNE 










X 






















BPL 










X, 






















BRA 










X 























Condition Code Symbols: 
H Half Carry (From Bit 3) 
I Interrupt Mask 
N Negative (Sign Bit) 
Z Zero 



(to be continued) 



Carry/Borrow 

Test and Set if True, Cleared Otherwise 

Not Affected 

Load CC Register From Stack 
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Table 10 Instruction Set (in Alphabetical Order) 





Addressing Modes 


Condition Code 


Mnemonic 


Implied 


Immediate 


Direct 


Extended 


Relative 


Indexed 
(No Offset) 


Indexed 
(8-Bit) 


Indexed 
(16-Bit) 


Bit 
Set/ 
Clear 


Bit 
Test* 
Branch 


H 




N 


Z 


c 


BRN 










X 






















BRCLR 




















X 




• 




• 


A 


BRSET 




















X 




• 




• 


A 


BSET 


















X 














BSR 










X 






















CLC 


X 






















• 




• 





CLI 


X 



























• 


• 


CLR 


X 




X 






X 


X 










• 





1 


• 


CMP 




X 


X 


X 




X 


X 


X 








• 


A 


A 


A 


COM 


X 




X 






X 


X 










• 


A 


A 


1 


CPX 




X 


X 


X 




X 


X 


X 








• 


A 


A 


A 


OAA 


X 






















• 


A 


A 


A 


DEC 


X 




X 






X 


X 










• 


A 


A 


• 


EOR 




X 


X 


X 




X 


X 


X 








• 


A 


A 


• 


INC 


X 




X 






X 


X 










• 


A 


A 


• 


JMP 






X 


X 




X 


X 


X 
















JSR 






X 


X 




X 


X 


X 
















LOA 




X 


X 


X 




X 


L_ X 


X 








• 


A 


A 


• 


LDX 




X 


X 


X 




X 


X 


X 








• 


A 


A 


• 


LSL 


X 




X 






X 


X 










• 


A 


A 


A 


LSR 


X 




X 






X 


X 










• 





A 


A 


NEG 


X 




X 






X 


X 










• 


A 


A 


A 


NOP 


X 






























ORA 




X 


X 


X 




X 


X 


X 








• 


A 


A 


• 


ROL 


X 




X 






X 


X 










• 


A 


A 


A 


ROR 


X 




X 






X 


X 










• 


A 


A 


A 


RSP 


X 






























RTI 


X 






















? 


? 


? 


? 


RTS 


X 






























SBC 




X 


X 


X 


X 


X 


X 








• 


A 


A 


A 


SEC 


X 




















• 


• 


• 


1 


SEt 


X 






















1 


• 


• 


• 


STA 






X 


X 




X 


X 


X 








• 


A 


A 


• 


STOP 


X 






















• 


• 


• 


• 


STX 






X 


X 




X 


X 


X 








• 


A 


A 


• 


SUB 




X 


X 


X 




X 


X 


X 








• 


A 


A 


A 


SWI 


X 






















1 


• 


• 


• 


TAX 


X 






























TST 


X 




X 






X 


X 










• 


A 


A 


• 


TXA 


X 






























WAIT 


X 































Condition Code Symbols: 

H Half Carry (From Bit 3) C 

I Interrupt Mask a 

N Negative (Sign Bit) • 

Z Zero ? 



Carry/Borrow 

Test and Set if True, Cleared Otherwise 

Not Affected 

Load CC Register From Stack 
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Table 1 1 Operation Code Map 





Bit Manipulation 


Branch 


Read Modify Write 


Control 


Register Memory 






Test & 
Branch 


Set 
Clear 


Rel 


DIR 


A 


X 


,X1 


,xo 


IMP 


IMP 


IMM 


DIR 


EXT 


,X2 


.XI 


,xo 









1 


2 


3 I 


4 


5 


6 


7 


8 


9 


xn 


B 


C 


D 


E 


F 


«-r 





BRSETO 


BSETO 


BRA 


NEG 


RTI* 




SUB 





1 


BRCLRO 


BCLRO 


BRN 




RTS* 




CMP 


1 


2 


BRSET1 


BSET1 


BHI 








SBC 


2 


3 


BRCLR1 


BCLR1 


BLS 


COM 


SWI* 




CPX 


3 


4 


BRSET2 


BSET2 


BCC 


LSR 






AND 


4 


5 


BRCLR2 


BCLR2 


BCS . 








BIT 


5 


6 


BRSET3 


BSET3 


BNE 


ROR 






LDA 


6 


7 


BRCLR3 


BCLR3 


BEQ 


ASR 




TAX' 




STA 


STAI+1) 


7 


8 


BRSET4 


BSET4 


BHCC 


LSL ASL 




CLC 


EOR 


8 


9 


BRCLR4 


BCLR4 


BHCS 


ROL 




SEC 


ADC 


9 


A 


BRSET5 


BSET5 


BPL 


DEC 




CLI* 


ORA 


A 


B 


BRCLR5 


BCLR5 


BMI 






SEI* 


ADD 


B 


C 


BRSET6 


BSET6 


BMC 


INC 




RSP* 


- 


JMP(-1) 


C 


D 


BRCLR6 


BCLR6 


BMS 


TST(-1)| TST ] TST(-1) 


DAA* 


NOP 


BSR" 


JSR( + 2) | JSR{+1) 


JSRI+2) 


D 


E 


BRSET7 


BSET7 


BIL 




STOP- 


- 


LDX 


E 


F 


BRCLR7 


BCLR7 


BIH 


CLR 


WAIT 1 


TXA* 


- 


STX 


STXI+1) 


F 




3/5 


2/5 


2/3 


2 5 1 2 | 1 '2 | 2 6 | 1 5 


1 * 


1 1 


2 2 


2 3 3/4 3/5 2/4 


1 3 





HIGH 



(NOTES) 1 . "— " is an undefined operation code. 

2. The lowermost numbers in each column represent a byte count and the number of cycles required (byte count/number of cycles). 
The number of cycles for the mnemonics asterisked (*) is as follows: 



RTI 


8 


TAX 


2 


RTS 


5 


RSP 


2 


SWI 


10 


TXA 


2 


DAA 


2 


BSR 


5 


STOP 


4 


CLI 


2 


WAIT 


4 


SEI 


2 



3. The parenthesized numbers must be added to the cycle count of the particular instruction. 



• Additional Instructions 

The following new instructions are used on the HD6305X0: 
DAA Converts the contents of the accumulator into BCD 
code. 



WAIT Causes the MCU to enter the wait mode. For this mode, 

see the topic, Wait Mode. 
STOP Causes the MCU to enter the stop mode. For this mode, 

see the topic, Stop Mode. 
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CMOS MCU (Microcomputer Unit) 



The HD6305X1 and the HD6305X2 are CMOS versions of 
the HD6805X1 and the HD6805X2, which are NMOS 8-bit 
single chip microcomputers. A CPU, a clock generator, a 128- 
byte RAM, I/O terminals, two timers and a serial communi- 
cation interface (SCI) are built in both chip of the HD6305X1 
and the HD6305X2. Their memory spaces are expandable to 
16k bytes externally. 

The HD6305X1 and the HD6305X2 have the same functions 
as the HD6305X0's except for the number of I/O terminals. 
The HD6305X1 has a 4k byte ROM and its memory space is 
expandable to 12k bytes externally. The HD6305X2 is a micro- 
computer unit which includes no ROM and its memory space 
is expandable to 16k bytes externally. 

■ HARDWARE FEATURES 

•8-bit based MCU 

• 4k-bytesof internal ROM (HD6305X1) 
No internal ROM (HD6305X2) 

• 128-bytesof RAM 

• A total of 31 'terminals, including 24 l/O's, 7 inputs 

• Two timers 

- 8-bit timer with a 7-bit prescaler (programmable prescaler; 
event counter) 

- 15-bit timer (commonly used with the SCI clock divider) 

• On-chip serial interface circuit (synchronized with clock) 

• Six interrupts (two external, two timer, one serial and one 
software) 

• Low power dissipation modes 

- Wait .... In this mode, the clock oscillator is on and the 

CPU halts but the timer/serial/interrupt func- 
tion is operatable. 

- Stop. ... In this mode, the clock stops but the RAM 

data, I/O status and registers are held. 

- Standby. . In this mode, the clock stops, the RAM data 

is held, and the other internal condition is 
reset. 

• Minimum instruction cycle time 

- HD6305X1/X2 . . 1 us (f = 1 MHz) 

- HD63A05X1/X2. . 0.67 us (f = 1.5 MHz) 

- HD63B05X1/X2. . 0.5us (f = 2 MHz) 

• Wide operating range 

Vcc = 3 to 6V (f = 0.1 to 0.5 MHz) 

- HD6305X1/X2 . . f = 0.1 to 1 MHz (Vcc = 5V ± 10%) 

- HD63A05X1/X2. • f = 0.1 to 1.5 MHz (Vcc = 5V ± 10%) 

- HD63B05X1/X2 . . f = 0.1 to 2 MHz (Vcc = 5V ± 10%) 

• System development fully supported by an evaluation kit 



-PRELIMINARY- 



HD6305X1P, HD63A05X1P, 
HD63B05X1P, HD6305X2P, 
HD63A05X2P, HD63B05X2P 




(DP-64S) 



HD6305X1F, HD63A05X1F, 
HD63B05X1F, HD6305X2F, 
HD63A05X2F, HD63B05X2F 




(FP-64) 



■SOFTWARE FEATURES 

• Similar to HD6800 

• Byte efficient instruction set 

• Powerful bit manipulation instructions (Bit Set, Bit Clear, and 
Bit Test and Branch usable for all RAM bits and all I/O termi- 
nals) 

• A variety of interrupt operations 

• Index addressing mode useful for table processing 

• A variety of conditional branch instructions 

• Ten powerful addressing modes 

• All addressing modes adaptable to RAM, and I/O instructions 

• Three new instructions, STOP, WAIT and DAA, added to the 
HD6805 family instruction set 

• Instructions that are upward compatible with those of Moto- 
rola's MC6805P2 and MC146805G2 
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■ PIN ARRANGEMENT 

• HD6305X1P, HD63A05X1P, HD63B05X1P, HD6305X2P, 
HD63A05X2P, HD63B05X2P 



'ss 



a 

RES LI 

INTC3 

STBYQ 

XTALQ 

extalCS 

NUMQ 

TIMER CB 

A, Q 

a, as 
A»in 
A4Q2 

A,Q3 

AjOa 

a,CC5 

AoQS 
BtE 
BeOS 
BsQS 
B«B3 
83d 
B2E 
B,E 

BoH 

c 7 /tx b 

Ci/RxQ 
C$/CK(2 

CsH 
c,QD 

c, E 
Co E 



SI OATAo 

□ DATA 1 

□ DATA] 
EI DAT A 3 

51 DATA 4 
S3 DATA) 
53 DATA « 

52 DATA 7 

53 E _ 

5Jr/w 

£3 ADR, 3 
53 ADR. j 
53 ADR,, 
53] ADR ,0 
53 ADR. 

39adr ( 

a ADR, 

12 ADRe 
ffl ADRs 
15) ADR 4 
9 ADR 3 

13 ADR, 
Q ADR, 
HJADRo 

SlD, 

39 Dc/INTi 

3o. 

32 o« 
So, 
35 o 2 

33 d, 
33 v cc 



• HD6305X1F, HD63A05X1F, HD63B05X1F, HD6305X2F, 
HD63A05X2F, HD63B05X2F 



_ < -1. iv <<<<<< 

3XKE.CC' V> < < < < << 
ZiuxKE|ff>QO QQQQ 

J51l8ll51fs|[8Hl||ll[5ir«|[anfS|[s]|a] 



TIMER 
A, [7 
A* [7 

AsE 
A 4 [T 
A 3 (T 
A 2 [T 

A,ri" 

A (T 

B7P0 

B 6 |]T 

BsQT 
B4Q3 
B3Q7 
B2Q5 

B,[J6 

BoQT 

C,/Tx DI 
C 6 /Rxp9 



l5ll5llSll5ll5llsJI«ll£ll«llslbll=ll«l 



"sTl DATAg 
5o] DATA, 
4§]e 

48JR/W 

47] ADR, 3 
46] ADR, 2 
45] ADR,, 
44] ADR, 
43] ADR 9 
42] ADRg 
7i] ADR 7 
40l ADR 6 
IS] ADR5 
11] ADR4 
37] ADR 3 
36] ADR 2 
35] ADR, 
34] ADR 
33*] D7 



U O (J U O (J Q 



(Top View) 



(Top View) 



■ BLOCK DIAGRAM 
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TIMER-* 


Prescaler 
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Timer/ 
8 Counter 




Timer Conlrol 
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Poft A 
I/O 


A,. _ 


<S 


fit 


Terminals 


A.- . 

A.— 


£ = 


• It 

0° 



C3 

C3 



a 5 ^_ n 

g K \r~V 




RES NUM INT STBY 

Ul J 




fc=5 



Miicella 
neous 
Register 



Port D 
Input 
Terminals 



- ADR, j 

- ADR,, 
■ADR,, 

- ADR.o 

- ADR, 
" ADR, 
"ADR, 
" ADRi 

- ADRs 
"ADR. 
-ADR, 

- ADR, 

- ADR, 
"ADR, 



-DATA. 

- DATAj 

- OATA, 
■ OATA, 
"DATAo 
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■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 ~ +7.0 


V 


Input Voltage 


V in 


-0.3 ~ V CC + 0.3 


V 


Operating Temperature 


Topr 


0~+70 


°C 


Storage Temperature 


Tjtg 


-55 ~ +150 


°C 



[NOTE] These products have a protection circuit in their input terminals against high electrostatic voltage or high electric fields. Notwithstanding, 
be careful not to apply any voltage higher than the absolute maximum rating to these high input impedance circuits. To assure normal 
operation, we recommended V| n , V out ; Vss £ (V in or V out ) g V cc . 

■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vcc * 5.0V±10%. Vss - 0V, Ta « ~ +70°C, unlets otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 




RES.STBY 


V IH 




Vcc-0.5 


- 


V cc +0.3 




Input "High" Voltage 


EXTAL 


V cc x0.7 


- 


Vcc+03 


V 




Other Inputs 


2.0 


- 


Vcc+0.3 




Input "Low" Voltage 


All Inputs 


V,L 




-0.3 


- 


0.8 


V 


Output "High" Voltage 


All Outputs 


Voh 


I oh - -20QmA 


2.4 


- 


- 


V 


I oh = -10aiA 


Vcc-0.7 


- 


- 


Output "Low" Voltage 


All Outputs 


Vol 


l OL = 1.6mA 


- 


- 


0.55 


V 


Input Leakage Current 


TIMER, INT, 
D, ~D 7 ,STBY 


1 1, J 


Vin = 0.5 ~ Vcc-0.5 


- 


- 


1.0 


MA 


Three-state Current 


Ao "^ A7 , Bo ~ B7 , 
Cq~C 7 .ADRo~ADRi 3 *, 
E\ R/W~* 


HtsiI 


- 


- 


1.0 


liA 




Operating 


Ice 


f=1MHz*** 


- 


5 


10 


mA 


Current Dissipation** 


Wait 


- 


2 


5 


mA 


Stop 


- 


2 


10 


MA 




Standby 


- 


2 


10 


MA 


Input Capacitance 


All Terminals 


Cin 


f= 1MHz, Vin = 0V 


- 


- 


12 


PF 



* Only at standby 
" V| H min - Vcc-10V, V| L max « 0.8V 
**• The value at f = At MHz is given by using. 
ICC (f -xMHz) - Ice < f = 1MHz) x* 



• AC CHARACTERISTICS (V CC 


= 5.0V±10%,Vss = 0V, 


Ta»0 


~ +70° C, unless otherwise noted.) 












Symbol 


Test 
Condition 


HD6305X1/X2 


HD63A05X1/X2 


HD63B05X1/X2 


Unit 




min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


Cycle Time 


*eyc 


Fig. 1 


1 


- 


10 


0.666 


- 


10 


0.5 


- 


10 


/as 


Enable Rise Time 


tEr 


- 


- 


20 


- 


- 


20 


- 


- 


20 


ns 


Enable Fall Time 


tEf 


- 


- 


20 


- 


- 


20 


- 


- 


20 


ns 


Enable Pulse Width("High" Level) 


PWeh 


450 


- 


- 


300 


- 


- 


220 


- 


- 


ns 


Enable Pulse Width ("Low" Level) 


PW el 


450 


- 


- 


300 


- 


- 


220 


- 


- 


ns 


Address Delay Time 


*AD 


- 


- 


250 


- 


- 


190 


- 


- 


TBD 


ns 


Address Hold Time 


t A H 


20 


- 


- 


20 


- 


- 


20 


- 


- 


ns 


Data Delay Time 


*DW 


- 


- 


250 


- 


- 


160 


- 


- 


TBD 


ns 


Data Hold Time (Write) 


*HW 


20 


- 


- 


20 


- 


- 


20 


- 


- 


ns 


Data Set-up Time (Read) 


tDSR 


80 


- 


- 


60 


- 


- 


TBD 


- 


- 


ns 


Data Hold Time (Read) 


tHR 





- 


- 





- 


- 





- 


- 


ns 
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• PORT TIMING (Vcc = 5.0V±1Q%, Vgs = OV, Ta = ~ +70°C, unless otherwise noted.) 
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Item 


Symbol 


Test 
Condition 


HD6305X1/X2 


HD63A05X1/X2 


HD63B05X1/X2 


Unit 




min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


Port Data Set-up Time 
(Port A, B, C, D) 


tpos 


Fig. 2 


200 


- 


- 


200 


- 


- 


200 


- 


- 


ns 


Port Data Hold Time 
(Port A, B, C. D) 


tPDH 


200 


- 


- 


200 


- 


- 


200 


- 


- 


ns 


Port Data Delay Time 
(Port A. B. C) 


tPDW 


Fig. 3 


- 


- 


300 


- 


- 


300 


- 


- 


300 


ns 



• CONTROL SIGNAL TIMING (V cc - 5.0V ±10%, Vss = 0V, Ta = ~ +70°C, unless otherwise noted.) 





Symbol 


Test 
Condition 


HD6305X1/X2 


HD63A05X1/X2 


HD63B05X1/X2 


Unit 




min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


TNTPulse Width 


tlWL 




tcyc 

+250 


- 


- 


tcyc 
+200 


- 


- 


tcyc 

+200 


- 


- 


ns 


iNtT Pulse Width 


t|WL2 


tcyc 

+250 


- 


- 


t C y C 

+200 


- 


- 


tcyc 
+200 


- 


- 


ns 


RES Pulse Width 


*RWL 


5 


- 


- 


5 


- 


- 


5 


- 


- 


^cyc 


Control Set-up Time 


tcs 


Fig. 5 


250 


- 


- 


250 


- 


- 


250 


- 


- 


ns 


Timer Pulse Width 


*TWL 




tcyc 

+250 


- 


- 


tcyc 
+200 


- 


- 


tcyc 
+200 


- 


- 


ns 


Oscillation Start Time (Crystal) 


toSC 


Fig.5,Fig.20* 


- 


- 


20 


- 


- 


20 


- 


- 


20 


ms 


Reset Delay Time 


tRHL 


Fig. 19 


80 


- 


- 


80 


P- 


- 


80 


- 


- 


ms 



• C L = 22pF ±20%, R s = 60ft max. 



• SCI TIMING (Vcc = 5.0V±10%, Vss= 0V, Ta = ~ +70°C, unless otherwise noted.) 
















Symbol 


Test 
Condition 


HD6305X1/X2 


HD63A05X1/X2 


HD63B05X1/X2 


Unit 




min 


typ 


max 


min 


typ 


max 


min 


typ 


max 




Clock Cycle 


tScyc 


Fig. 6. 
Fig. 7 


1 


- 


32768 


0.67 


- 


21845 


0.5 


- 


16384 


MS 


Data Output Delay Time 


*TXD 


- 


- 


250 


- 


- 


250 


- 


- 


250 


ns 


Data Set-up Time 


*SRX 


200 


- 


- 


200 


- 


- 


200 


- 


- 


ns 


Data Hold Time 


*HRX 


100 


- 


- 


100 


- 


- 


100 


- 


- 


ns 
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MCU Write 
Do~D7 



MCU Read 
Do~D7 



Figure 1 Bus Timing 



Port 

A, 



2.4V- C 

,i tpQH I 
IPDS _ 



«« ""V2.0V Data J / 
,B,C.D -/S r 0.8V Valid -A 



V 



Figure 2 Port Data Set-up and Hold Times 
(MCU Read) 



t°6V / 



-tpDW" 



Port 
A.B,C 



r* 



4V Data 
,6V Valid 



Figure 3 Port Data Delay Time (MCU Write) 



Interrupt 
Test 



e jnjij~uijnjnjTjnjij~ijnjiJij~Ln 



Bus 



INT 



•NT 2 \ / 



Code Op Code ,fff SP SP-1 SP-2 SP-3 SP-4 Vector Vector New PC 

Idress Address +1 MS B LSB Address 

Address Address 



PCo- 
PCy 



Data Bus 



R/W 



XIXDCDCXIXZXZ)CZXZ3CZ>CZXZXZ)C 



Op Operand Irrelevant 

Code Op Code Oata 



PCs- IX ACC CC v e«or Vector pj rst | nst f 

on MSB LSB ■ * * b • 

PC 13 Address Address Interrupt Routine 



Figure 4 Interrupt Sequence 
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uarui-JT-rLrLru - ^' 



5,5V .. 

Vcc 4 5^^ 



STBY _j,^v~^a 



-tosc- 



RES 

Address 
Bus 



LTLTL 



1 '- Vcc -0.5V 



Lk-x Vc ^-° 5v 



-tosc- 



*V 



rXDCZTDCXDO- 



1FFF 1FFF 1FFF 1FFF 1FFE 1FFF New PC 



1FFF 



Data Bus 



-M 



Clock Output 
Cs/CK 



Data Output 
C7/TX 



Data Input 
Ce/Rx 



Figure5 Reset Timing 
tscyc 



\0.6V 0.6V/ \0.6V / 



*TXD 



S 



.4V 
6V 



tsRX 



F 



X 



l HRX 



ov 

8V 



2.0V J r/" 
_a8Vj\ 



Figure6 SCI Timing (Internal Clock) 



Clock Input 
Cs/CK 



Data Output 
C7/TX 



Data Input 
Ce/Rx 



'Scyc 



- tQ.8V 0.8V j - - ^08V / 



l TXD 



X 



2.4V 
0.6 V 



X 



tSRX 



X 



tHRX 



2.0V 
0.8V 



2.0V J / 
0.8V A 



Figure7 SCI Timing(External Clock) 
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TTL Load 
(Port) 
Test point 
terminal 



Iol= 16mA 



Vcc 
2.4kQ 



=}= 90pF < 1 2kQ 



[NOTES] 1. The load capacitance includes stary capacitance caused 
by the probe, etc. 
2. All diodes are 1 S2074 (R) . 

Figure 8 Test Load 



■ DESCRIPTION OF TERMINAL FUNCTIONS 

The input and output signals of the MCU are described 
here. 

•Vcc. Vss 

Voltage is applied to the MCU through these two terminals. 
V C c is 5.0V ± 10%, while Vss is grounded. 

• INT, INT: 

External interrupt request inputs to the MCU. For details, 
refer to "INTERRUPT". The INT 2 terminal is also used as 
the port D 6 terminal. 

• XTAL, EXTAL 

These terminals provide input to the on-chip clock circuit. 
A crystal oscillator (AT cut, 2.0 to 8.0 MHz) or ceramic 
filter is connected to the terminal. Refer to "INTERNAL 
OSCILLATOR" for using these input terminals. 

• TIMER 

This is an input terminal for event counter. Refer to 
"TIMER" for details. 

• RES 

Used to reset the MCU. Refer to "RESET" for details. 

• NUM 

This terminal is not for user application. In case of the 
HD6305X1, this terminal should be connected to Vcc 
through lOkfi resistance. In case of the HD6305X2, this 
terminal should be connected to V ss . 

• Enable (E) 

This output terminal supplies E clock. Output is a single- 
phase, TTL compatible and 1/4 crystal oscillation frequency 
or 1/4 external clock frequency. It can drive one TTL load 
and a 90pF condenser. 

• Read/Write (R/W) 

This TTL compatible output signal indicates to peripheral 
and memory devices whether MCU is in Read ("High"), or 
in Write ("Low"). The normal standby state is Read ("High"). 
Its output can drive one TTL load and a 90pF condenser. 
428 HITACHI 



• Data Bus (DATA ~ DATA,) 

This TTL compatible three-state buffer can drive one TTL 
load and 90pF. 

• Address Bus ( ADR ~ ADR t3 ) 

Each terminal is TTL compatible and can drive one TTL 
load and 90pF. 

• Input/Output Terminals (Ao ~ A7, Bo ~ B7, Co ~ C 7 ) 

These 24 terminals consist of four 8-bit I/O ports (A, B, C). 
Each of them can be used as an input or output terminal on 
a bit through program control of the data direction register. 
For details, refer to "I/O PORTS." 

• Input Terminals (Di ~ D7) 

These seven input-only terminals are TTL or CM OS com- 
patible. Of the po rt D's , D6 is also used as INT2 . If D6 is 
used as a port, the INT2 interrupt mask bit o f the miscellane- 
ous register must be set to "1" to prevent an INT2 interrupt 
from being accidentally accepted. 

• STBY 

This termi nal is used to place the MCU into the standby 
mode. With STBY at "Low" level, the oscillation stops and 
the internal condition is reset. For details, refer to "Stand- 
by Mode." 

The terminals described in the following are I/O pins for 
serial communication interface (SCI). They are also used as 
ports C s , C 6 and C 7 . For details, refer to "SERIAL COM- 
MUNICATION INTERFACE." 

• CK(Cs) 

Used to input or output clocks for serial operation. 

• Rx(C6> 

Used to receive serial data. 

• Tx (C7) 

Used to transmit serial data. 



■ MEMORY MAP 

The memory map of the MCU is shown in Fig. 9. $1000 ~ 
S1FFF of the HD6305X2 are external addresses. However, 
care should be taken to assign vector addresses to S1FF6 ~ 
$1FFF. During interrupt processing, the contents of the CPU 
registers are saved into the stack in the sequence shown in 
Fig. 10. This saving begins with the lower byte (PCL) of the 
program counter. Then the value of the stack pointer is 
decremented and the higher byte (PCH) of the program 
counter, index register (X), accumulator (A) and condition 
code register (CC) are stacked in that order. In a subroutine 
call, only the contents of the program counter (PCH and PCL) 
are stacked. 
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16383 



* Write only register 

* Read only register 



ROM area ($1000 ~ $1 FFF) in the HD6305X2 
is changed into External Memory Space. 



Figure 9 Memory Map of MCU 



n + 1 
n + 2 
n+3 
n+4 
n + 5 
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n-4 
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Code Register 


n-3 


Accumulator 


n-2 


Index Register 


n-1 


1 1 


PCH* 


n 


PCL* 



\ 



In a subroutine call, only PCL and PCH are stacked. 
Figure 10 Sequence of Interrupt Stacking 



■ REGISTERS 

There are five registers which the programmer can operate. 



Accumulator 



Index 
Register 

Program 
Counter 

Stack 
Pointer 



7 

A 

7 

X 



13 











| PC 


13 


6 5 







H 


0|0|0|0|0| 1 


'I 


SP 





II I I I ^UIIUIUU 

IN Z C Code 
i ' i ' i ' i ' Register 

Carry/ 



L 



Condition 

Code 

Register 

* V 

Borrow 
-Zero 

-Negative 

-Interrupt 

Mask 
"Half 

Carry 



Figure 11 Programming Model 



• Accumulator (A) 

This accumulator is an ordinary 8-bit register which holds 
operands or the result of arithmetic operation or data process- 
ing. 

• Index Register (X) 

The index register is an 8-bit register, and is used for index 
addressing mode. Each of the addresses contained in the 
register consists of 8 bits which, combined with an offset 
value, provides an effective address. 

In the case of a read/modify/write instruction, the index 
register can be used like an accumulator to hold operation 
data or the result of operation. 

If not used in the index addressing mode, the register can 
be used to store data temporarily. 

• Program Counter (PC) 

The program counter is a 14-bit register that contains the 
address of the next instruction to be executed. 

• Stack Pointer (SP) 

The stack pointer is a 14-bit register that indicates the ad- 
dress of the next stacking space. Just after reset, the stack 
pointer is set at address SOOFF. It is decremented when data 
is pushed, and incremented when pulled. The upper 8 bits 
of the stack pointer are fixed to 00000011. During the MCU 
being reset or during a reset stack pointer (RSP) instruction, 
the pointer is set to address SOOFF. Since a subroutine or 
interrupt can use space up to address S00C1 for stacking, the 
subroutine can be used up to 31 levels and the interrupt up 
to 12 levels. 

• Condition Code Register (CO 

The condition code register is a 5-bit register, each bit 
indicating the result of the instruction just executed. The 
bits can be individually tested by conditional branch instruc- 
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tions. The CC bits are as follows: 



Half Carry (H): 
Interrupt (I): 



Negative (N): 



Zero (Z): 



Carry/ 
Borrow (C): 



Used to indicate that a carry occurred be- 
tween bits 3 and 4 during an arithmetic oper- 
ation (ADD, ADC). 

Setting this bit causes all interrupts, except 
a software interrupt, to be masked. If an 
interrupt occurs with the bit I set, it is 
latched. It will be processed the instant 
the interrupt mask bit is reset. (More specifi- 
cally, it will enter the interrupt processing 
routine after the instruction following the 
CLI has been executed.) 
Used to indicate that the result of the most 
recent arithmetic operation, logical operation 
or data processing is negative (bit 7 is logic 
"1"). 

Used to indicate that the result of the most 
recent arithmetic operation, logical operation 
or data processing is zero. 
Represents a carry or borrow that occurred 
in the mos't recent arithmetic operation. This 
bit is also affected by the Bit Test and Branch 
instruction and a Rotate instruction. 



Of these six interrupts, the INT2 and TIMER or the SCI 
and TIMER2 generate the same vector address, respectively. 

When an interrupt occurs, the program in progress stops 
and the then CPU status is saved onto the stack. And then, 
the interrupt mask bit (I) of the condition code register is 
set and the start address of the interrupt processing routine 
is obtained from a particular interrupt vector address. Then 
the interrupt routine starts from the start address. System 
can exit from the interrupt routine by an RTI instruction. 
When this instruction is executed, the CPU status before 
the interrupt (saved onto the stack) is pulled and the CPU 
restarts the sequence with the instruction next to the one at 
which the interrupt occurred. Table 1 lists the priority of 
interrupts and their vector addresses. 

Table 1 Priority of Interrupts 



■ INTERRUPT 

There are s ix dif ferent types of interrupt: external. inter- 
rupts (INT, INT2), internal timer interrupts (TIMER, 
TIMER2), serial interrupt (SCI) and interrupt by an instruc- 
tion (SWI). 



Interrupt 


Priority 


Vector Address 


RES 


1 


$1FFE. $1FFF 


SWI 


2 


$1FFC, $1FFD 


INT 


3 


$1FFA. $1FFB 


TIMER/JNT2 


4 


$1FF8, $1FF9 


SCI/TIMER2 


5 


$1FF6, $1FF7 



A flowchart of the interrupt sequence is shown in Fig. 12. 
A block diagram of the interrupt request source is shown in 
Fig. 13. 
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Reset:$1FFE, $1FFF 




■ — <Res 


k 

et?> 
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Figure 12 Interrupt Flow Chart 
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In the block diagram, both the external interrupts INT and 
INTa are edge trigger inputs. At the falling edge of each input, 
an interrupt request is generated and latched. The INT inter- 
rupt request is automatically cleared if jum ping i s made to 
the INT processing routine. Meanwhile, the INT2 request is 
cleared if "0" is written in bit 7 o f the misceUaneoi. agister. 

For the external interrupts (INT, INT2), internal timer 
interrupts (TIMER, TIMERz) and serial interrupt (SCI), each 
interrupt request is held, but not processed, if the I bit of the 
condition code register is set. Immediately after the I bit is 
cleared, the corresponding interrupt processing starts accord- 
ing to t he pri ority. 

The INT2 interrupt can be masked by setting bit 6 of the 
miscellaneous register; the TIMER interrupt by setting bit 6 
of the timer control register; the SCI interrupt by setting bit 
S of the serial status register; and the TIMER2 interrupt by 
setting bit 4 of the se rial st atus register. 

The status of the I NT te rminal can be tested by a BIL or 
BIH instruction. The INT falling edge detector circuit and 
its latching circuit are independent of testin g by t hese instruc- 
tions. This is also true with the status of the INT2 terminal. 

•Miscellaneous Register (MR; $000A) 

The interrupt vector address for the external interrupt 
INT2 is the same as that for the TIMER interrupt, as shown 
in Table 1 . For this reason, a special register called the miscel- 
laneous register (MR; $000 A) is available to control the 
INT2 interrupts. 



Bit 7 of this register is the INT2 int errup t request flag. 
When the falling edge is detected at the INT2 terminal, "1" 
is set in bit 7. Then the software in the interrupt routine 
(v ector addresses: $1FF8, S1FF9) checks bit 7 to see if it 
is INT2 interrupt. Bit 7 can be reset by software. 

Miscellaneous Register (MR;$000A) 
76 54 3 2 10 



L 



INT2 Interrupt Mask 

INT2 Interrupt Request Flag 



Miscellaneous Register (MR;$000A) 



Bit 6 is t he IN T2 interrupt mask bit. If this bit is set to "1", 
then the INT2 interrupt is disabled. Both read and write are 
possible with bit 7 but "1" cannot be written in this bit by 
software. This means that an interrupt request by software 
is impossible. 

When reset, bit 7 is cleared to "0" and bit 6 is set to "1". 

■TIMER 

Figure 14 shows a MCU timer block diagram. The timer 
data register is loaded by software and, upon receipt of a 
clock input, begins to count down. When the timer data 
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Figure 13 Interrupt Request Generation Circuitry 
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register (TDR) becomes "0", the timer interrupt request 
bit (bit 7) in the timer control register is set. In response to 
the interrupt request, the CPU saves its status into the stack 
and fetches timer interrupt routine address from addresses 
S1FF8 and S1FF9 and execute the interrupt routine. The 
timer interrupt can be masked by setting the timer interrupt 
mask bit (bit 6) in the timer control register. The mask bit 
(I) in the condition code register can also mask the timer 
interrupt. 

The source clock to the timer can be either an external 
signal from the timer input terminal or the internal E signal 
(the oscillator clock divided by 4). If the E signal is used as 
the source, the clock input can be gated by the input to the 
timer input terminal. 

Once the timer count has reached "0", it starts counting 
down with "$FF". The count can be monitored whenever 
desired by reading the timer data register. This permits the 
program to know the length of time having passed after the 
occurrence of a timer interrupt, without disturbing the con- 
tents of the counter. 

When the MCU is reset, both the prescaler and counter are 
initialized to logic "1". The timer interrupt request bit 
(bit 7) then is cleared and the timer interrupt mask bit (bit 
6) is set. 

To clear the timer interrupt request bit (bit 7), it is neces- 
sary to write "0" in that bit. 



TCR7 


Timer interrupt request 





Absent 


1 


Present 




TCR6 


Timer interrupt mask 





Enabled 


1 


Disabled 



• Timer Control Register (TCR ; $0009) 

Selection of a clock source, selection of a prescaler fre- 
quency division ratio, and a timer interrupt can be controlled 
by the timer control register (TCR; $0009). 

For the selection of a clock source, any one of the four 
modes (see Table 2) can be selected by bits 5 and 4 of the 
timer control register (TCR). 

Timer Control Register (TCR; $0009) 
7 6 5 4 3 2 10 



TCR7 TCR6 TCR5 TCR4 TCR3 TCR2 TCR1 TCRO 



l— Prescaler division ratio selection 
-Prescaler initialize 
Clock input source 



• Timer interrupt mask 
— Timer interrupt request 



After reset, the TCR is initialized to "E under timer termi- 
nal control" (bit 5 = 0, bit 4 = 1). If the timer terminal is 
"1", the counter starts counting down with "$FF" immediate- 
ly after reset. 

When "1" is written in bit 3, the prescaler is initialized. 
This bit always shows "0" when read. 

Table 2 Clock Source Selection 
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Clock input source 
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A prescaler division ratio is selected by the combination of 
three bits (bits 0, 1 and 2) of the timer control register (see 
Table 3). There are eight different division ratios: -H, ^2,-M, 
-^8, -H6, -K32, ^-64 and -M28. After reset, the TCR is set to the 
-H mode. 

Table 3 Prescaler Division Ratio Selection 



TCR 




Bit 2 


Bit 1 


BitO 


Prescaler division ratio 











•i-1- 








1 


+2 





1 





+4 





1 


1 


+8 


1 








-H6 


1 





1 


-K32 


1 


1 





•^64 


1 


1 


1 


-M28 



A timer interrupt is enabled when the timer interrupt mask 
bit is "0", and disabled when the bit is "1". When a timer 
interrupt occurs, "1" is set in the timer interrupt request bit. 
This bit can be cleared by writing "0" in that bit. 

■SERIAL COMMUNICATION INTERFACE (SCI) 

This interface is used for serial transmission or reception 
of 8-bit data. Sixteen transfer rates are available in the range 
from 1 us to approx. 32 ms (for oscillation at 4 MHz). 

The SCI consists of three registers, one eighth counter and 
one prescaler. (See Fig. 15.) SCI communicates with the CPU 
via the data bus, and with the outside world through bits 5, 
6 and 7 of port C. Described below are the operations of 
each register and data transfer. 

•SCI Control Register (SCR; $0010) 
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SCI Control Registers (SCR; 0010) 
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Figure 15 SCI Block Diagram 
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SCR7 


C 7 terminal 





Used as I/O terminal (by DDR). 


1 


Serial data output (DDR output) 




SCR6 


C 6 terminal 





Used as I/O terminal (by DDR). 


1 


Serial data input (DDR input) 
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Clock source 


C s terminal 
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Used as I/O terminal (by 
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DDR). 


1 





Internal 


Clock output (DDR output) 


1 


1 


External' 


Clock input (DDR input) 



Bit 7 (SCR7) 

When this bit is set, the DDR corresponding to the C 7 
becomes "1" and this terminal serves for output of SCI data. 
After reset, the bit is cleared to "0". 

Bit 6 (SCR6) 

When this bit is set, the DDR corresponding to the C 6 
becomes "0" and this terminal serves for input of SCI data. 
After reset, the bit is cleared to "0". 

Bits5and4(SCR5,SCR4) 

These bits are used to select a clock source. After reset, 
the bits are cleared to "0". 

Bits 3-0 (SCR3 ~ SCR0) 

These bits are used to select a transfer clock rate. After 
reset, the bits are cleared to "0". 
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SCR1 
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Transfer clock rate 
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4 ms 
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32768 /xs 


1/32 s 



Bit 7 (SSR7) 

Bit 7 is the SCI interrupt request bit which is set upon 
completion of transmitting or receiving 8-bit data. It is 
cleared when reset or data is written to or read from the 
SCI data register with the SCR5="1". The bit can also be 
cleared by writing "0" in it. 

Bit 6 (SSR6) 

Bit 6 is the TIMER 2 interrupt request bit. TIMER 2 is used 
commonly with the serial clock generator, and SSR6 is set 
each time the internal transfer clock falls. When reset, the 
bit is cleared. It also be cleared by writing "0" in it. (For 
details, see TEMER 2 .) 

Bit 5 (SSR5) 

Bit 5 is the SCI interrupt mask bit which can be set or 
cleared by software. When it is "1", the SCI interrupt (SSR7) 
is masked. When reset, it is set to "1". 

Bit 4 (SSR4) 

Bit 4 is the TIMER 2 interrupt mask bit which can be set 
or cleared by software. When the bit is "1", the TIMER 2 
interrupt (SSR6) is masked. When reset, it is set to "1". 

Bit 3 (SSR3) 

When "1" is written in this bit, the prescaler of the transfer 
clock generator is initialized. When read, the bit always is "0". 

Bits 2 ~ 
Not used. 



SSR7 


SCI interrupt request 





Absent 


1 


Present 




SSR6 


TIMER 2 interrupt request 





Absent 


1 


Present 




SSR5 


SCI interrupt mask 





Enabled 


1 


Disabled 




SSR4 


TIM ER 2 interrupt mask 





Enabled 


1 


Disabled 



•SCI Data Register (SDR; $0012) 

A serial-parallel conversion register that is used for transfer 
of data. 

•SCI Status Register (SSR;$0011) 
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• Data Transmission 

By writing the desired control bits into the SCI control 
registers, a transfer rate and a source of transfer clock are 
determined and bits 7 and 5 of port C are set at the serial 
data output terminal and the serial clock terminal, respec- 
tively. The transmit data should be stored from the accumu- 
lator or index register into the SCI data register. The data 
written in the SCI data register is output from the C 7 /Tx 
terminal, starting with the LSB, synchronously with the 
falling edge of the serial clock. (See Fig. 16.) When 8 bit of 
HITACHI 
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data have been transmitted, the interrupt request bit is set in 
bit 7 of the SCI status register with the rising edge of the last 
serial clock. This request can be masked by setting bit 5 of the 
SCI status register. Once the data has been sent, the 8th bit 
data (MSB) stays at the Ci/Tx terminal. If an external clock 
source has been selected, the transfer rate determined by 
bits ~ 3 of the SCI control register is ignored, and the Cs/ 
CK terminal is set as input. If the internal clock has been 
selected, the Cs/CK terminal is set as output and clocks are 
output at the transfer rate selected by bits ~ 3 of the SCI 
control register. 



Serial Clock (C 5 /CK) 



^^'^-SXtEXLZXZXZXIXZXZX 




Figure 16 SCI Timing Chart 



TIMER2 is commonly used with the SCI transfer clock 
generator. If wanting to use TIMER2 independently of the 
SCI, specify "External" (SCR5 = 1, SCR4 = 1) as the SCI 
clock source. 

If "Internal" is selected as the clock source, reading or 
writing the SDR causes theprescaler of the transfer clock 
generator to be initialized. 

■ I/O PORTS 

There are 24 input/output terminals (ports A, B, C). Each 
I/O terminal can be selected for either input or output by the 
data direction register. More specifically, an I/O port will 
be input if "0" is written in the data direction register, and 
output if "1" is written in the data direction register. Port A, 
B or C reads latched data if it has been programmed as output, 
even with the output level being fluctuated by the output 
load. (See Fig. 17.) 

When reset, the data direction register and data register go 
to "0" and all the input/output terminals are used as input. 



• Data Reception 

By writing the desired control bits into the SCI control 
register, a transfer rate and a source of transfer clock are de- 
termined and bit 6 and 5 of port C are set at the serial data 
input terminal and the serial clock terminal, respectively. 
Then dummy-writing or -reading the SCI data register, the 
system is ready for receiving data. (This procedure is not 
needed after reading subsequent received data. It must be taken 
after reset and after not reading subsequent received data. 

The data from the C 6 /Rx terminal is input to the SCI 
data register synchronously with the rising edge of the 
serial clock (see Fig. 16). When 8 bits of data have been re- 
ceived, the interrupt request bit is set in bit 7 of the SCI 
status register. This request can be masked by setting bit 5 
of the SCI status register. If an external clock source have been 
selected, the transfer rate determined by bits ~ 3 of the SCI 
control register is ignored and the_data is received synchro- 
nously with the clock from the C 5 /CK terminal. If the internal 
clock has been selected, the C S /CK terminal is set as output 
and clocks are output at the transfer rate selected by bits ~ 
3 of the SCI control register. 

• TIMER2 

The SCI transfer clock generator can be used as a timer. 
The clock selected by bits 3 ~ of the SCI control register 
(4 jus ~ approx. 32 ms (for oscillation at 4 MHz)) is input to 
bit 6 of the SCI status register and the TIMER2 interrupt 
request bit is set at each falling edge of the clock. Since inter- 
rupt requests occur periodically, TIMER2 can be used as a 
reload counter or clock. 



© 



®(D 



©© 



(D : Transfer clock generator is reset and mask bit (bit 4 

of SCI status register) is cleared. 
©,© :TIMER2 interrupt request 
(D,® : TIMER2 interrupt request bit cleared 
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Figure 17 Input/Output Port Diagram 

Seven input-only terminals are available (port D). Writing 
to an input terminal is invalid. 

All input/output terminals and input terminals are TTL 
compatible and CMOS compatible in respect of both input and 
output. 

If I/O ports or input ports are not used, they should be 
connected to Vss via resistors. With none connected to these 
terminals, there is the possibility of power being consumed 
despite that they are not used. 

■RESET 

The MCU can be reset either by external reset input (RES) 
or power-on reset. (See Fig. 18.) On power up, the reset 
input must be held "Low" for at least tosc t0 a ssure that the 
internal oscillator is stabilized. A sufficient tim e of d elay can 
be obtained by connecting a capacitance to the RES input as 
shown in Fig. 19. 
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Figure 18 Power On and Reset Timing 



requirement for minimum external configurations. It can be 
driven by connecting a crystal (AT cut 2.0 ~ 8.0MHz) or 
ceramic oscillator between pins 5 and 6 depending on the re- 
quired oscillation frequency stability. 

Three different terminal connections are shown in Fig. 20. 
Figs. 21 and 22 illustrate the specifications and typical arrange- 
ment of the crystal, respectively. 
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Figure 19 Input Reset Delay Circuit 



■ INTERNAL OSCILLATOR 

The internal oscillator circuit is designed to meet the 
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Figure 20 Internal Oscillator Circuit 




Figure 21 Parameters of Crystal 



5) Crystal 




Crystal 



[NOTE] Use as short wirings as possible for connection of the crystal 
with the EXTAL and XTAL terminals. Do not allow these 
wirings to cross others. 

Figure 22 Typical Crystal Arrangement 



■ LOW POWER DISSIPATION MODE 

The HD6305X has three low power dissipation modes: 
wait, stop and standby. 

• Wait Mode 

When WAIT instruction being executed, the MCU enters 
into the wait mode. In this mode, the oscillator stays active 
but the internal clock stops. The CPU stops but the peripheral 
functions - the timer and the serial communication inter- 
face - stay active. (NOTE: Once the system has entered the 
wait mode, the serial communication interface can no longer 
be retriggered.) In the wait mode, the registers, RAM and I/O 
terminals hold their condition just before entering into the 
wait mode. 

The escape from this mode can be d one by inte rrupt ( INT, 
TIMER/INT2 or SCI/TIM ER2), RES or STBY. The RES 
resets the MCU and the STBY brings it into the standby 
mode. (This will be mentioned later.) 

When interrupt is requested to the CPU and accepted, the 
wait mode escapes, then the CPU is brought to the operation 
mode and vectors to the interrupt routine. If the interrupt is 
masked by the I bit of the condition code register, after releas- 
ing from the wait mode the MCU executes the i nstru ction 
next to the W AIT. If an interrupt other than the INT (i.e., 
TIMER/INT2 or SCI/TIMER2) is masked by the timer control 
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register, miscellaneous register or serial status register, there 
is no interrupt request to the CPU, so the wait mode cannot 
be released. 

Fig. 23 shows a flowchart for the wait function. 

• Stop Mode 

When STOP instruction being executed, MCU enters into 
the stop mode. In this mode, the oscillator stops and the CPU 
and peripheral functions become inactive but the RAM, 
registers and I/O terminals hold their condition just before 
entering into the stop mode. 

The escape from this mode c an be done by a n external 
interrupt (IN T or iN Ti), RES or STBY. The RES resets the 
MCU and the STBY brings into the standby mode. 

When interrupt is requested to the CPU and accepted, 
the stop mode escapes, then the CPU is brought to the opera- 
tion mode and vectors to the interrupt routine. If the inter- 
rupt is masked by the I bit of the condition code register, 
after releasing from the stop mode , the MCU executes the 
instruction next to the STOP. If the INT2 interrupt is masked 
by the miscellaneous register, there is no interrupt request to 
the MCU, so the stop mode cannot be released. 



Fig. 24 shows a flowchart for the stop function. Fig. 25 
shows a timing chart of return to the operation mode from 
the stop mode. 

For releasing from the stop mode by an interrupt, oscilla- 
tion starts upon input of the interrupt and, after the internal 
delay time for sta bilize d oscillation, the CPU beco mes ac tive. 
For restarting by RES, oscillation starts when the RES goes 
"0" and the CPU restarts when the RES goes "1". The dura- 
tion of RES="0" must exceed t 0S c to assure stabilized oscil- 
lation. 

• Standby Mode 



The MCU enters into the standby mode when the STBY 
terminal goes "Low". In this mode, all operations stop and 
the internal condition is reset but the contents of the RAM are 
hold. The I/O terminals turn to high-im pedanc e state. The 
standby mode should escape by bringing STBY "High". The 
CPU must be r estarte d by reset. The timing of input signals 
at the RES and STBY terminals is shown in Fig. 26. 

Table 4 lists the status of each parts of the MCU in each 
low power dissipation modes. Transitions between each mode 
are shown in Fig. 27. 
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Figure 23 Wait Mode Flow Chart 
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Figure 24 Stop Mode Flow Chart 



HITACHI 



439 



HD6305X1,HD6305X2 



Oscillator 



"LTLnLTL 



^iiiiiiiiihi mi mi mm 



nji_rTj~LrLn_n_ 



Time required for oscillation to become 



STOP instruction Interrupt stabilized (built-in delay time) 

executed 

(a) Restart by Interrupt 



:> 



Instructions 
restart 



Oscillator 



RES 




(b) Restart by Reset 
Figure 25 Timing Chart of Releasing from Stop Mode 
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Figure 26 Timing Chart of Releasing from Standby Mode 



Table 4 Status of Each Part of MCU in Low Power Dissipation Modes 
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Figure 27 Transitions among Active Mode, Wait Mode, 
Stop Mode, Standby Mode and Reset 



■ BIT MANIPULATION 

The MCU can use a single instruction (BSET or BCLR) to 
set or clear one bit of the RAM or an I/O port (except the 
write-only registers such as the data direction register). Every 
bit of memory or I/O within page ($00 ~ $FF) can be tested 
by the BRSET or BRCLR instruction; depending on the result 
of the test, the program can branch to required destinations. 
Since bits in the RAM, or I/O can be manipulated, the user 
may use a bit within the RAM as a flag or handle a single I/O 
bit as an independent I/O terminal. Fig. 28 shows an example 
of bit manipulation and the validity of test instructions. In 
the example, the program is configured assuming that bit 
of port A is connected to a zero cross detector circuit and 
bit 1 of the same port to the trigger of a triac. 

The program shown can activate the triac within a time of 
IOjus from zero-crossing through the use of only 7 bytes on 
the ROM. The on-chip timer provides a required time of 
delay and pulse width modulation of power is also possible. 

SELF 1. BRCLRO, PORTA, SELF 1 
BSET 1 , PORT A 
BCLR 1, PORT A 

Figure 28 Example of Bit Manipulation 

■ADDRESSING MODES 

Ten different addressing modes are available to the MCU. 

• Immediate 

See Fig. 29. The immediate addressing mode provides 
access to a constant which does not vary during execution of 
the program. 

This access requires an instruction length of 2 bytes. The 
effective address (EA) is PC and the operand is fetched from 



the byte that follows the operation code. 

• Direct 

See Fig. 30. In the direct addressing mode, the address of 
the operand is contained in the 2nd byte of the instruction. 
The user can gain direct access to memory up to the lower 
255th address. All RAM and I/O registers are on page of ad- 
dress space so that the direct addressing mode may be utilized. 

• Extended 

See Fig. 3 1 . The extended addressing is used for referenc- 
ing to all addresses of memory. The EA is the contents of 
the 2 bytes that follow the operation code. An extended 
addressing instruction requires a length of 3 bytes. 

• Relative 

See Fig. 32. The relative addressing mode is used with 
branch instructions only. When a branch occurs, the program 
counter is loaded with the contents of the byte following the 
operation code. EA = (PC) + 2 + Rel., where Rel. indicates a 
signed 8-bit data following the operation code. If no branch 
occurs, Rel. = 0. When a branch occurs, the program jumps 
to any byte in the range +129 to -127. A branch instruction 
requires a length of 2 bytes. 

• Indexed (No Offset) 

See Fig. 33. The indexed addressing mode allows access 
up to the lower 255th address of memory. In this mode, an 
instruction requires a length of one byte. The EA is the 
contents of the index register. 
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• indexed (8-bit Offset) 

See Fig. 34. The EA is the contents of the byte follow- 
ing the operation code, plus the contents of the index register. 
This mode allows access up to the lower 511th address of 
memory. Each instruction when used in the index addressing 
mode (8-bit offset) requires a length of 2 bytes. 

• Indexed (16-bit Offset) 

See Fig. 35. The contents of the 2 bytes following the 
operation code are added to content of the index register 
to compute the value of EA. In this mode, the complete 
memory can be accessed. When used in the indexed address- 
ing mode (16-bit offset), an instruction must be 3 bytes long. 

• Bit Set/Clear 

See Fig. 36. This addressing mode is applied to the BSET 
and BCLR instructions that can set or clear any bit on page 
0. The lower 3 bits of the operation code specify the bit to 
be set or cleared. The byte that follows the operation code 
indicates an address within page 0. 



• Bit Test and Branch 

See Fig. 37. This addressing mode is applied to the BRSET 
and BRCLR instructions that can test any bit within page 
and can be branched in the relative addressing mode. The 
byte to be tested is addressed depending on the contents of 
the byte following the operation code. Individual bits within 
the byte to be tested are specified by the lower 3 bits of the 
operation code. The 3rd byte represents a relative value which 
will be added to the program counter when a branch condition 
is established. Each of these instructions should be 3 bytes 
long. The value of the test bit is written in the carry bit of the 
condition code register. 

• Implied 

See Fig. 38. This mode involves no EA. All information 
needed for execution of an instruction is contained in the 
operation code. Direct manipulation on the accumulator 
and index register is included in the implied addressing mode. 
Other instructions such as SWI and RTI are also used in this 
mode. All instructions used in the implied addressing mode 
should have a length of one byte. 
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Figure 29 Example of Immediate Addressing 
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Figure 30 Example of Direct Addressing 
HITACHI 





1 
Memory 


1 




|EA 










1 


06E5 


1 






/ 




1 












Adder 










/ 


0000 


























A 










1 40 1 
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Figure 31 Example of Extended Addressing 
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Figure 32 Example of Relative Addressing 
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Figure 33 Example of Indexed (No Offset) Addressing 
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Figure 34 Example of Index (8-bit Offset) Addressing 
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Figure 35 Example of Index (16-bit Offset) Addressing 
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Figure 36 Example of Bit Set/Clear Addressing 
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Figure 37 Example of Bit Test and Branch Addressing 
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Figure 38 Example of Implied Addressing 



■ INSTRUCTION SET 

There are 62 basic instructions available to the HD6305X 
MCU. They can be classified into five categories: register/ 
memory, read/modify/write, branch, bit manipulation, and 
control. The details of each instruction are described in 
Tables 5 through 11. 

• Register/Memory Instructions 

Most of these instructions use two operands. One operand 
is either an accumulator or index register. The other is derived 
from memory using one of the addressing modes used on the 
HD6305X MCU. There is no register operand in the uncon- 
ditional jump instruction (JMP) and the subroutine jump 
instruction (JSR). See Table 5. 

• Read/Modify /Write Instructions 

These instructions read a memory or register, then modify 
or test its contents, and write the modified value into the 
memory or register. Zero test instruction (TST) does not 
write data, and is handled as an exception in the read/modify/ 
write group. See Table 6. 



• Branch Instructions 

A branch instruction branches from the program sequence 
in progress if a particular condition is established. See Table 7. 

• Bit Manipulation Instructions 

These instructions can be used with any bit located up to 
the lower 255th address of memory. Two groups are available; 
one for setting or clearing and the other for bit testing and 
branching. See Table 8. 

• Control Instructions 

The control instructions control the operation of the MCU 
which is executing a program. See Table 9. 

• List of Instructions in Alphabetical Order 

Table 10 lists all the instructions used on the HD6305X 
MCU in the alphabetical order. 

• Operation Code Map 

Table 1 1 shows the operation code map for the instructions 
used on the MCU. 
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Table 5 


Register/Memory 


Instructions 




















Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic 
Operation 




Operation* 


Immediate 


Direct 


Extended 


Indexed 
(No Offset) 


Indexed 
(8-Bit Offset) 


Indexed 
(16-Bit Offset) 


Condition 
Code 




OP 


* 


- 


lOP 


# 


- 


OP 


# 


- 


OP 


# 


- 


lOP 


* 


- 


OP 


* 


- 


H 


1 


N 


z 


c 


Load A from Memory 


LOA 


A6 


2 


2 


B6 


2 


3 


C6 


3 


4 


F6 


1 


3 


E6 


2 


4 


D6 


3 


5 


M-A 


• 


• 


A 


A 


• 


Load X from Memory 


LDX 


AE 


2 


2 


BE 


2 


3 


CE 


3 


4 


FE 


1 


3 


EE 


2 


4 


DE 


3 


5 


M-X 


• 


• 


A 


A 


• 


Store A in Memory 


STA 








B7 


2 


3 


C7 


3 


4 


F7 


1 


4 


E7 


2 


4 


D7 


3 


5 


A-M 


• 


• 


A 


A 


• 


Store X in Memory 


STX 








BF 


2 


3 


CF 


3 


4 


FF 


1 


4 


EF 


2 


4 


DF 


3 


S 


X-M 


• 


• 


A 


A 


• 


Add Memory to A 


ADD 


AB 


2 


2 


BB 


2 


3 


CB 


3 


4 


FB 


1 


3 


EB 


2 


4 


DB 


3 


5 


A + M-A 


A 


• 


A 


A 


A 


Add Memory and Carry 
to A 


ADC 


A9 


2 


2 


B9 


2 


3 


C9 


3 


4 


F9 


1 


3 


E9 


2 


4 


D9 


3 


5 


A+M+C— A 


A 


• 


A 


t 


A 


Subtract Memory 


SUB 


AO 


2 


2 


BO 


2 


3 


CO 


3 


4 


FO 


1 


3 


EO 


2 


4 


DO 


3 


5 


A-M-A 


• 


• 


A 


A 


A 


Subtract Memory from 
A with Borrow 


SBC 


A2 


2 


2 


B2 


2 


3 


C2 


3 


4 


F2 


1 


3 


E2 


2 


4 


D2 


3 


5 


A-M-C-A 


• 


• 


A 


A 


A 


AND Memory to A 


AND 


A4 


2 


2 


B4 


2 


3 


C4 


3 


4 


F4 


1 


3 


E4 


2 


4 


D4 


3 


S 


A-M-A 


• 


• 


A 


A 


• 


OR Memory with A 


ORA 


AA 


2 


2 


BA 


2 


3 


CA 


3 


4 


FA 


1 


3 


EA 


2 


4 


DA 


3 


5 


A+M-A 


• 


• 


A 


A 


• 


Exclusive OR Memory 
with A 


EOR 


A8 


2 


2 


B8 


2 


3 


C8 


3 


4 


F8 


1 


3 


E8 


2 


4 


D8 


3 


5 


A® M-A 


• 


• 


r . 


A. 


• 


Arithmetic Compare A 
with Memory 


CMP 


A1 


2 


2 


B1 


2 


3 


CI 


3 


4 


F1 


1 


3 


E1 


2 


4 


D1 


3 


5 


A-M 


• 


• 


A 


A 


A 


Arithmetic Compare X 
with Memory 


CPX 


A3 


2 


2 


B3 


2 


3 


C3 


3 


4 


F3 


1 


3 


E3 


2 


4 


D3 


3 


5 


X-M 


• 


• 


A 


A 


A 


Bit Test Memory with 
A (Logical Compare) 


BIT 


A5 


2 


2 


BS 


2 


3 


C5 


3 


4 


F5 


1 


3 


E5 


2 


4 


D5 


3 


5 


AM 


• 


• 


A 


A 


• 


Jump Unconditional 


JMP 








BC 


2 


2 


CC 


3 


3 


FC 


1 


2 


EC 


2 


3 


DC 


3 


4 














Jump to Subroutine 


JSR 








BD 


2 


5 


CD 


3 


6 


FD 


1 


5 


ED 


2 


5 


DD 


3 


6 















Symbols: Op = Operation 
# ■ Number of 
~ = Number of 



bytes 
cycles 



Table 6 Read/Mod if y/Write Instructions 





Mnemonic 


Addressing Modes 


Boolean/Arithmetic Operation 












Operations 


Implied(A) 


Implied(X) 


Direct 


Indexed 
(No Offset) 


Indexed 
(8-Bit Offset) 


Condition 
Code 




OP, 


8 


- 


OP 


«l- 


OP 


8 


- 


OP 


8 


- 


OP 


8 


- 


H 


1 


N 


Z 


C 


Increment 


INC 


4C 


1 


2 


5C 


1 


2 


3C 


2 


5 


7C 


1 


5 


6C 


2 


6 


A+1-Aor X+1-Xor M + 1-M 






A 


A 


• 


Decrement 


DEC 


4A 


1 


2 


5A 


1 


2 


3A 


2 


5 


7A 


1 


5 


6A 


2 


6 


A-1-Aor X-1-Xor M-1-M 






A 


A 


• 


Clear 


CLR 


4F 


1 


2 


5F 


1 


2 


3F 


2 


5 


7F 


1 


5 


6F 


2 


6 


00-A or 00-X or 00-M 









1 


• 


Complement 


COM 


43 


1 


2 


S3 


1 


2 


33 


2 


5 


73 


1 


5 


63 


2 


6 


A-A or X-X or M-M 






A 


A 


1 


Negate 

(2's Complement) 


NEG 


40 


1 


2 


50 


1 


2 


30 


2 


5 


70 


1 


5 


60 


2 


6 


00-A-A or OO-X-X 
or 00-M-M 






A 


A 


A 




ROL 


49 


1 


2 


59 


1 


2 


39 


2 


5 


79 


1 


5 


69 


2 


6 








A 


A 




Rotate Left Thru Carry 


|C b, AotXorM bo 1 




H H 1 1 1 1 1 1 1 H 






ROR 


46 


1 


2 


56 


1 


2 


36 


2 


5 


76 


1 


5 


66 


2 


6 


i »' ■ b «i i 






A 


A 






LjcW 1 WrWM 1 M 






LSL 


48 


1 


2 


58 


1 


2 


38 


2 


5 


78 


1 


5 


68 


2 


6 


C b, - bo 






* 


* 




Logical Shift Left 


1 H |x.>i,*| | |~o 


A 




LSR 


44 


1 


2 


54 


1 


2 


34 


2 


5 


74 


1 


5 


64 


2 


6 











* 






b? "" bo C 




Logical Shift Right 


•-I 1 UI.xVm| 1 N 1 


A 




ASR 


47 


1 


2 


57 


1 


2 


37 


2 


5 


77 


1 


5 


67 


2 


6 








A 


^ 












Li i u^o/mI I N 1 




Arithmetic Shift Left 


ASL 


48 


1 


2 


58 


1 


2 


38 


2 


5 


78 


1 


5 


68 


2 


6 


Equal to LSL 






A 


A 


A 


Test for Negative 
or Zero 


TST 


4D 


1 


2 


5D 


1 


2 


3D 


2 


4 


7D 


1 


4 


6D 


2 


S 


A-00 or X-00 or M-00 






A 


A 


• 



Symbols: Op ■ Operation 

# ■ Number of bytes 
~ ■ Number of cycles 
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Table 7 Branch Instructions 





Mnemonic 


Addressing Modes 


Branch Test 






Operations 


Relative 






OP 


# 


~ 


H 


1 


N 


Z 


c 


Branch Always 


BRA 


20 


2 


3 


None 












Branch Never 


BRN 


21 


2 


3 


None 












Branch IF Higher 


BHI 


22 


2 


3 


c+z=o 












Branch IF Lower or Same 


BLS 


23 


2 


3 


C+Z=1 












Branch IF Carry Clear 


BCC 


24 


2 


3 


C=0 












(Branch IF Higher or Same) 


(BHS) 


24 


2 


3 


C=0 












Branch IF Carry Set 


BCS 


25 


2 


3 


C = 1 












(Branch IF Lower) 


(BLO) 


25 


2 


3 


C=1 












Branch IF Not Equal 


BNE 


26 


2 


3 


Z=0 












Branch IF Equal 


BEQ 


27 


2 


3 


Z=1 












Branch IF Half Carry Clear 


BHCC 


28 


2 


3 


H = 












Branch IF Half Carry Set 


BHCS 


29 


2 


3 


H = 1 












Branch IF Plus 


BPL 


2A 


2 


3 


N=0 












Branch IF Minus 


BMI 


2B 


2 


3 


N=1 












Branch IF Interrupt Mask 
Bit is Clear 


BMC 


2C 


2 


3 


l=0 












Branch IF Interrupt Mask 
Bit is Set 


BMS 


2D 


2 


3 


1 = 1 












Branch IF Interrupt Line 
is Low 


BIL 


2E 


2 


3 


INT=0 












Branch IF Interrupt Line 
is High 


BIH 


2F 


2 


3 


INT=1 












Branch to Subroutine 


BSR 


AD 


2 


5 
















Symbols: Op = Operation 

# = Number of bytes 
~ = Number of cycles 



Table 8 Bit Manipulation Instructions 





Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic 
Operation 


Branch 
Test 












Operations 


Bit Set Clear 


Bit Test and Branch 






OP 


5 


~ 


OP 


* ! ~ 




H 


1 


N 


Z 


c 


Branch IF Bit n is set 


BRSET n(n = 0- 7) 








2-n 


3 5 





Mn=1 


• 


• 


• 


• 


A 


Branch IF Bit n is clear 


BRCLR n(n=0--7) 








01+2-n 3 5 





Mn = 


• 


• 


• 


• 


A 


Set Bit n 


BSETn{n = 0-7) 


10 + 2-n 


2 


5 








1-Mn 















Clear Bit n 


BCLR n(n=0-7) 


11+2-n 


2 


5 








0— Mn 
















Symbols: Op = Operation 

# = Number of bytes 
~ = Number of cycles 
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Table 9 Control Instructions 





Mnemonic 


Addressing Modes 


Boolean Operation 












Operations 


Implied 






OP 


# 


- 


H 


1 


N 


Z 


c 


Transfer A to X 


TAX 


97 




2 


A-.X 




• 






• 


Transfer X to A 


TXA 


9F 




2 


X-A 




• 






• 


Set Carry Bit 


SEC 


99 




1 


1-.C 




• 






1 


Clear Carry Bit 


CLC 


98 




1 


0-*C 




• 









Set Interrupt Mask Bit 


SEI 


9B 




2 


1-1 




1 








Clear Interrupt Mask Bit 


CLI 


9A 




2 


0->l 













Software Interrupt 


SWI 


83 




10 






1 








Return from- Subroutine 


RTS 


81 




5 






• 








Return from Interrupt 


RTI 


80 




8 






? 








Reset Stack Pointer 


RSP 


9C 




2 


$FF-SP 












No-Operation 


NOP 


9D 




1 


Advance Prog. Cntr. Only 












Decimal Adjust A 


DAA 


8D 




2 


Converts binary add of BCD charcters into 
BCD format 










A* 


Stop 


STOP 


8E 




4 














Wait 


WAIT 


8F 




4 















Symbols: Op = Operation . ^ re g^p characters of upper byte 10 or more? (They are not cleared if set in advance.) 

# » Number of bytes 
~ ■ Number of cycles 

Table 10 Instruction Set (in Alphabetical Order) 













Addressing Modes 










Condition Code 


Mnemonic 


Implied 


Immediate 


Direct 


Extended 


Relative 


Indexed 
(No Offset) 


Indexed 
(8-Bit) 


Indexed 
(16-Bit) 


Bit 

Set/ 
Clear 


Bit 
Test & 
Branch 


H 


I 


N 


Z 


c 


ADC 




X 


X 


X 




X 


X 


X 






A 




A 


A 


A 


ADD 




X 


X 


X 




X 


X 


X 






A 




A 


A 


A 


AND 




X 


X 


X 




X 


X 


X 










A 


A 


• 


ASL 


X 




X 






X 


X 












A 


A 


A 


ASR 


X 




X 






X 


X 












A 


A 


A 


BCC 










X 






















BCLR 


















X 














BCS 










X 






















BEQ 










X 






















BHCC 










X 






















BHCS 










X 






















BHI 










X 






















(BHS) 










X 






















BIH 










X 






















BIL 










X 






















BIT 




X 


X 


X 




X 


X 


X 
















(BLO) 










X 






















BLS 










X 






















BMC 










X 






















BMI 










X 






















BMS 










X 






















BNE 










X 






















BPL 










X 






















BRA 










X 























Condition Code Symbols: 
H Half Carry (From Bit 3) 
I Interrupt Mask 
N Negative (Sign Bit) 
Z Zero 



(to be continued) 



Carry/Borrow 

Test and Set if True, Cleared Otherwise 

Not Affected 

Load CC Register From Stack 
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Table 10 Instruction Set (in Alphabetical Order) 





Addressing Modes 


Condition Code 


Mnemonic 


Implied 


Immediate 


Direct 


Extended 


Relative 


Indexed 
(No Offset) 


Indexed 
(8-Bit) 


Indexed 
(16-Bit) 


Bit 
Set 
Clear 


Bit 
Test & 
Branch 


H 


I 


N 


Z 


C 


BRN 










X 






















BRCLR 




















X 




• 




• 


A 


BRSET 




















X 




• 




• 


A 


BSET 


















X 














BSR 










X 






















CLC 


X 






















• 




• 





CLI 


X 



























• 


• 


CLR 


X 




X 






X 


X 










• 





1 


• 


CMP 




X 


X 


X 




X 


X 


X 








• 


A 


A 


A 


COM 


X 




X 






X 


X 










• 


A 


A 


1 


CPX 




X 


X 


X 




X 


X 


X 








• 


A 


A 


A 


DAA 


X 






















• 


A 


A 


A 


DEC 


X 




X 






X 


X 










• 


A 


A 


• 


EOR 




X 


X 


X 




X 


X 


X 








• 


A 


A 


• 


INC 


X 




X 






X 


X 










• 


A 


A 


• 


JMP 






X 


X 




X 


X 


X 
















JSR 






X 


X 




X 


X 


X 
















LDA 




X 


X 


X 




X 


X 


X 








• 


A 


A 


• 


LDX 




X 


X 


X 




X 


X 


X 








• 


A 


A 


• 


LSL 


X 




X 






X 


X 










• 


A 


A 


A 


LSR 


X 




X 






X 


X 










• 





A 


A 


NEG 


X 




X 






X 


X 










• 


A 


A 


A 


NOP 


X 






























ORA 




X 


X 


X 




X 


X 


X 








• 


A 


A 


• 


ROL 


X 




X 






X 


X 










• 


A 


A 


A 


ROR 


X 




X 






X 


X 










• 


A 


.A 


A 


RSP 


X 






























RTI 


X 






















7 


7 


7 


7 


RTS 


X 






























SBC 




X 


X 


X 


X 


X 


X 








• 


A 


.A 


A 


SEC 


X 




















• 


• 


• 


1 


SEI 


X 






















1 


• 


• 


• 


STA 






X 


X 




X 


X 


X 








• 


A 


A 


• 


STOP 


X 






























STX 






X 


X 




X 


X 


X 








• 


A 


A 


• 


SUB 




X 


X 


X 




X 


X 


X 








• 


A 


A 


A 


SWI 


X 






















1 


• 


• 


• 


TAX 


X 






























TST 


X 




X 






X 


X 










• 


A 


A 


• 


TXA 


X 






























WAIT 


X 































Condition Code Symbols: 

H Half Carry (From Bit 3) C 

I Interrupt Mask a 

N Negative (Sign Bit) • 

Z Zero 7 



Carry/Borrow 

Test and Set if True, Cleared Otherwise 

Not Affected 

Load CC Register From Stack 
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Table 1 1 Operation Code Map 





Bit Manipulation 


Branch 


Read/Modify /Write 


Control 


Register/Memory 






Test & 
Branch 


Set/ 
Clear 


Rel 


DIR 


A 


X 


,X1 


,xo 


IMP 


IMP 


IMM 


DIR 


EXT 


,X2 


,X1 


,xo 









1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 


«-r 





BRSETO 


BSETO 


BRA 


NEG 


RTI* 


- 


SUB 





1 


BRCLRO 


BCLRO 


BRN 




RTS* 


_ 


CMP 


1 


2 


BRSET1 


BSET1 


BHI 


... 


- 


_ 


SBC 


2 


3 


BRCLR1 


BCLR1 


BLS 


COM 


swr 




CPX 


3 


4 


BRSET2 


BSET2 


BCC 


LSR 


■- 


- 


AND 


4 


5 


BRCLR2 


BCLR2 


BCS 


- 




-- 


BIT 


5 


6 


BRSET3 


BSET3 


BNE 


ROR 






LDA 


6 


7 


BRCLR3 


BCLR3 


BEQ 


ASR 




TAX* 


| STA 


STAI+1) 


7 


8 


BRSET4 


BSET4 


BHCC 


LSL/ASL 




CLC 


EOR 


8 


9 


BRCLR4 


BCLR4 


BHCS 


ROL 




SEC 


ADC 


9 


A 


BRSET5 


BSET5 


BPL 


DEC 




CLI* 


ORA 


A 


B 


BRCLR5 


BCLR5 


BMI 






SEI* 


ADD 


B 


C 


BRSET6 


BSET6 


BMC 


INC 




RSP* 




JMP(-1) 


C 


D 


BRCLR6 


BCLR6 


BMS 


TST(-I) TST TST(-1) 


DAA* 


NOP 


BSR" 


JSR( + 2) | JSR(+1) 


JSRI+2) 


D 


E 


BRSET7 


BSET7 


BIL 




STOP* 


- 


LDX 


E 


F 


BRCLR7 


BCLR7 


BIH 


CLR 


WAIT' 


TXA* 




STX 


STX(+1) 


F 




3/5 


2/5 


2/3 


2 '5 | 1/2 j 1/2 | 2/6 | 1/5 


1 /• 


1/1 


2/2 


2/3 | 3/4 | 3/5 | 2/4 


1/3 





HIGH 



(NOTES) 1. "— " is an undefined operation code. 

2. The lowermost numbers in each column represent a byte count and the number of cycles required (byte count/number of cycles). 
The number of cycles for the mnemonics asterisked (*) is as follows: 



RTI 


8 


TAX 


2 


RTS 


5 


RSP 


2 


SWI 


10 


TXA 


2 


DAA 


2 


BSR 


5 


STOP 


4 


CLI 


2 


WAIT 


4 


SEI 


2 



3. The parenthesized numbers must be added to the cycle count of the particular instruction. 



• Additional Instructions 

The following new instructions are used on the HD6305X: 
DAA Converts the contents of the accumulator into BCD 
code. 



WAIT Causes the MCU to enter the wait mode. For this mode, 

see the topic, Wait Mode. 
STOP Causes the MCU to enter the stop mode. For this mode, 

see the topic, Stop Mode. 
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HD6305Y0,HD63A05Y0, 

HD63B05Y0 

CMOS MCU (Microcomputer Unit) 



HD6305Y0 is a CMOS 8-bit single-chip microcomputer 
which includes a CPU upward compatible with the HD6305X0. 
On the chip of the HD6305Y0, 7872 byte ROM, 256 byte RAM, 
55 I/O terminals, two timers and a serial communication inter- 
face (SCI) are built in. And three low power dissipation modes 
(stop, wait and standby) support the low power operating. 
Instruction set is upward compatible with the HD6805 family. 

■ HARDWARE FEATURES 

• 8-bit based MCU 

• 7872 bytes of ROM 

• 256 bytes of RAM 

• A total of 55 terminals, including 32 l/O's, 7 inputs and 16 
outputs 

• Two timers 

- 8-bit timer with a 7-bit prescaler (programmable prescaler; 
event counter) 

- 15-bit timer (commonly used with the SCI clock divider) 

• On-chip serial interface circuit (synchronized with clock) 

• Six interrupts (two external, two timer, one serial and one 
software) 

• Low power dissipation modes 

- Wait .... In this mode, the clock oscillator is on and the 

CPU halts but the timer/serial/interrupt func- 
tion is operatable. 

- Stop .... In this mode, the clock stops but the RAM 

data, I/O status and registers are held. 

- Standby. . In this mode, the clock stops, the RAM data 

is held, and the other internal condition is 
reset. 

• Minimum instruction cycle time 

- HD6305Y0 . . >. 1 jis (f = 1 MHz) 

- HD63A05Y0 0.67jxs(f = 1.5 MHz) 

- HD63B05Y0 0.5 /is (f ^ 2 MHz) 

• Wide operating range 

Vcc = 3 to 6V (f = 0.1 to 0.5 MHz) 

- HD6305Y0 f = 0.1 to 1 MHz (Vcc = 5V ± 10%) 

- HD63A05Y0 f = 0.1 to 1.5 MHz (Vcc = 5V ± 10%) 

- HD63B05Y0 f = 0.1 to 2 MHz (Vcc = 5V ± 10%) 

• System development fully supported by an evaluation kit 



-PRELIMINARY 



HD6305Y0P, HD63A05Y0P, 
HD63B05Y0P 




(DP-64S) 



HD6305Y0F, HD63A05Y0F, 
HD63B05Y0F 




(FP-64) 



• Three new instructions, STOP, WAIT and DAA, added to the 
HD6805 family instruction set 

• Instructions that are upward compatible with those of Moto- 
rola's MC6805P2 and MC146805G2 



■ SOFTWARE FEATURES 

•Similar to HD6800 

• Byte efficient instruction set 

• Powerful bit manipulation instructions (Bit Set, Bit Clear, and 
Bit Test and Branch usable for 192 byte RAM bits within page 
and all I/O terminals) 

• A variety of interrupt operations 

• Index addressing mode useful for table processing 

• A variety of conditional branch instructions 

• Ten powerful addressing modes 

• All addressing modes adaptable to RAM, and I/O instructions 
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H D6305Y0, H D63A05Y0, H D63B05Y0- 



i PIN ARRANGEMENT 

• HD6305Y0P, HD63A05Y0P, HD63B05Y0P 



• HD6305Y0F, HD63A05Y0F, HD63B05Y0F 



VssD 

RESQ 
INTQ 

stbyQ 

XTAL [H 
EXTALQ 

numQ 

TIMER O 
A 7 (3 
A 6 Ej 

AsE 
A«E 
A 3 Q3 
AjQl 
A,Q1 
AoE5 

b 7 Q2 

BeOS 

B 5 Q3 

B«E5 

BaE 

B 2 E2 

B,E 

BogJ 

C 7 /Tx Eg 

Ce/Rx E5 

C 5 /CK g7 

C«£S 

c 3 |3 
C2ES 
c, E 

Co Eg 



a Go 

sac, 
53 G2 




I § ife t es 8 . „ „ « » 

z ui xlwEla: > 00 




og 3 
S8G4 




HI5PI|5I|5I|51|S|(En|3n|3l|51|8l|8l 




> 




QGs 


TIMER [7 
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lo]*" 


53 g 7 


A 6 [I 
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A 5 (Z 




""If, 


59 Fs 


A«[T 




ZDf 5 


13 F4 


A 3 [T 




Z]F4 


52 Fs 


A2IZ 




IDF3 


53 f* 


AiU 




5]F7 


59 Fi 


AoCE 




33* 


33 F 

fflE, 
33 E s 


B7Q0 
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ZDFo 

iDE7 


39 e 6 


BsDI 




iJDEe 


39 e 4 


B 4 [JI 




39] E 5 


33 e 3 


B3Q4 




1]e 4 


33 e 2 

32 e, 

33 e 


B 2 [J5 

BiQ* 




37] E 3 
36] E 2 


33 o 7 


BoQF 




35~|Ei 


33D,/INT 2 

5B d 5 


C 7 /Tx Qs 




34] Eo 


22 o 4 

29 Oa 

29 d 2 


C6/RX []9_ 




33JD7 


i5iyiHiiBii£iiHjffii^ji«Ji?jyiHi 


23|d, 
23 v cc 




IOOOOOO.OQQ Q Q Q fc 





(Top View) 



(Top View) 
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> ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply voltage 


Vcc 


-0.3 ~ +7.0 


V 


Input voltage 


V in 


-0.3 ~ V CC + 0.3 


V 


Operating temperature 


'opr 


0~+70 


°C 


Storage temperature 


Tstg 


-55 ~ +150 


°C 



[NOTE] These products have a protection circuit in their input terminals against high electrostatic voltage or high electric fields. Notwithstanding, 
be careful not to apply any voltage higher than the absolute maximum rating to these high input impedance circuits. To assure normal 
operation, we recommended V ln , V out ; Vss g (V in or V out ) £ V cc . 



i ELECTRICAL CHARACTERISTICS 
• DC Characteristics (Vcc = 5.0V ± 10%, Vss = GND and T a = ~ +70° C unless otherwise specified) 



Item 


Symool 


Test 
condition 


min 


typ 


max 


Unit 


Input 

voltage 

"High" 


RES.STby 


V| H 




V CC - 0.5 


- 


V CC +0.3 


V 


EXTAL 




V CC x 0.7 


- 


V CC +0.3 


V 


Others 




2.0 


- 


V CC +0.3 


V 


Input volt- 
age "Low" 


All Input 


Vil 




-0.3 


- 


0.8 


V 




Operating 


Ice 


f=1MHz* 


- 


5 


10 


mA 


Current 


Wait 


- 


2 


5 


mA 


dissipation 


Stop 


- 


2 


10 


MA 




Standby 


- 


2 


10 


ma 


Input 

leakage 

current 


TIMER, 
INT, 
D,~0„ 
STBY 


HilI 


V in = 0.5~ 
V C c - 0.5V 


- 


- 


1 


ma 


Three- 
state 
current 


A ~A 7 , 
Bo ~ B7, 
Co ~ C7 , 
Go ~G7, 
E ~E 7 ** 
Fo~F 7 ** 


HtsiI 


- 


- 


1 


juA 


Input 
capacity 


All 
terminals 


C in 


f = 1MHz, 
V in = 0V 


- 


- 


12 


PF 



* The value at f = xMHz can be calculated by the following equation: 
"At standby mode 



l cc (f = xMHz) = l cc (f = 1MHz) multiplied by x 
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• AC Characteristics (Vcc = 5.0V ± 10%, V$s = GND and T a = ~ +70°C unless otherwise specified) 



Item 


Symbol 


Test 
condition 


HD6305Y0 


HD63A05Y0 


HD63B05Y0 


Unit 


min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


Clock 
frequency 


fcl 




0.4 


- 


4 


0.4 


- 


6 


0.4 


- 


8 


MHz 


Cycle time 


t C yc 




1.0 


- 


10 


0.666 


- 


10 


0.5 


- 


10 


JUS 


INT pulse 
width 


t|WL 




t C yc 

+250 


- 


- 


tcyc 
+200 


- 


- 


tcyc 
+200 


- 


- 


ns 


INTa pulse 
width 


t|WL2 




tcyc 
+250 


- 


- 


tcyc 
+200 


- 


- 


tcyc 
+200 


- 


- 


ns 


RES pulse 
width 


tRWL 




5 


- 


- 


5 


- 


- 


5 


- 


- 


tcyc 


TIMER pulse 
width 


tTWL 




tcyc 

+250 


- 


- 


tcyc 
+200 


- 


- 


tcyc 
+200 


- 


- 


ns 


Oscillation 
start time 
(crystal) 


tosc 


C L = 22pF ± 
20% 

Rs = 60ft 
max 


- 


- 


20 


- 


- 


20 


- 


- 


20 


ms 


Reset delay 
time 


tRHL 


External cap. 
2.2/iF 


80 


- 


- 


80 


- 


- 


80 


- 


- 


ms 



• Port Electrical Characteristics (Vcc = 5.0V ± 10%. V S s = GND and T a = ~ +70°C unless otherwise specified) 



Item 


Symbol 


Test 
condition 


min 


typ 


max 


Unit 


Output volt- 


Ports A, 
B,C, G, 
E, F 


V H 


Ioh = -200/iA 


2.4 


- 


- 


V 


age "High" 


l OH =-10/iA 


Vcc-0.7 


- 


- 


V 


Output volt- 
age "Low" 


Vol 


Iol = 16mA 


- 


- 


0.55 


V 


Input volt- 
age "High" 


Ports A, 
B,C, D, 
G 


v, H 




2.0 


- 


Vcc + 0.3 


V 


Input volt- 
age "Low" 


V.L 




-0.3 


- 


0.8 


V 


Input leak- 
age current 


Ill- 


V, n = 0.5~ 
V CC - 0.5V 


-1 


- 


1 


uA 



• SCI Timing (Vcc = 5.0V±10%, V$s = GND and T a = ~ +70° C unless otherwise specified) 





Symbol 


Test 
Condition 


HD6305Y0 


HD63A05Y0 


HD63B05Y0 


Unit 




min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


Clock Cycle 


*Scyc 


Fig. 1, 
Fig. 2 


1 


- 


32768 


0.67 


- 


21845 


0.5 


- 


16384 


us 


Data Output Delay Time 


*TXD 


- 


- 


250 


- 


- 


250 


- 


- 


250 


ns 


Data Set-up Time 


*SRX 


200 


- 


- 


200 


- 


- 


200 


- 


- 


ns 


Data Hold Time 


*HRX 


100 


- 


- 


100 


- 


- 


100 


- 


- 


ns 
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Clock Input 
Cs/CK 



Data Output 
C7/T X 



Data Input 
Cs/Rx 



Figure 1 SCI Timing (Internal Clock) 



8V 0.8V < 



^ \ s __r 



2 4V 
06V 



l 






20V 1 . 
08V 



Figure2 SCI Timing(External Clock) 



TTL Load 
(Port) 
Test point 
terminal O- 



Iol= 1.6mA 




=t40pF >12kQ 



[NOTES] 1. The load capacitance includes stary capacitance caused 
by the probe, etc. 
2. AH diodes are 1S2074© 



• INT, INT2 

External interrupt request inputs to the HD6305Y0. For 
details, refer to "INTERRUPTS". The INT2 terminal is also 
used as the port D6 terminal. 

• XTAL, EXTAL 

These terminals provide input to the on-chip clock circuit. 
A crystal oscillator (AT cut, 2.0 to 8.0 MHz) or ceramic 
filter is connected to the terminal. Refer to "INTERNAL 
OSCILLATOR" for using these input terminals. 

• TIMER 

This is an input terminal for event counter. Refer to 
"TIMER" for details. 

• RES 

Used to reset the MCU. Refer to "RESET" for details. 

• NUM 

This terminal is not intended for user applications. It must 
be grounded to Vss- 

• Input/Output Terminals (Ao ~ A7, Bo ~ B7, Co ~C7,Go ~ 
G?) 

These 32 terminals consist of four 8-bit I/O ports (A, B, C, 
G). Each of them can be used as an input or output terminal 
on a bit through program control of the data direction register. 
For details, refer to "I/O PORTS." 

• Input Terminals (Di ~ D7 ) 

These seven input-only terminals are TTL or CM OS com- 
patible. Of the po rt D's , D6 is also used as 1NT2. If D6 is 
used as a port, the INT2 interrupt mask bit o f the miscellane- 
ous register must be set to '.'1" to prevent an INT2 interrupt 
from being accidentally accepted. 

• Output Terminals (Eo ~ E7, Fo ~ F7) 

These 16 output-only terminals are TTL or CMOS com- 
patible. 

• STBY 

This termi nal is used to place the MCU into the standby 
mode. With STBY at "Low" level, the oscillation stops and 
the internal condition is reset. For details, refer to "Standby 
Mode." 



Figure 3 Test Load 



■ DESCRIPTION OF TERMINAL FUNCTIONS 

The input and output signals of the HD6305 YO are described 
here. 

•Vcc.Vss 

Voltage is applied to the HD6305Y0 through these two 
terminals. Vcc is 5.0V ±10%, while Vss >s grounded. 



The terminals described in the following are I/O pins for 
serial communication interface (SCI). They are also used as 
ports C s , C 6 and C 7 . For details, refer to "SERIAL COM- 
MUNICATION INTERFACE." 

• CK(Cs) 

Used to input or output clocks for serial operation. 

• Rx(C6) 

Used to receive serial data. 

• Tx (O?) 

Used to transmit serial data. 
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■MEMORY MAP 

The memory map of the HD6305Y0 MCU is shown in 
Fig. 4. During interrupt processing, the contents of the MCU 
registers are saved into the stack in the sequence shown in 
Fig. 5. This saving begins with the lower byte (PCL) of the 
program counter. Then the value of the stack pointer is 
decremented and the higher byte (PCH) of the program 
counter, index register (X), accumulator (A) and condition 
code register (CC) are stacked in that order. In a subroutine 
call, only the contents of the program counter (PCH and PCL) 
are stacked. 



255 
256 



319 
320 



8182 



8191 
8192 



16383 



I Ports 

Timer 

SCI 



RAM 

(192 Bytes) 

Stack 



$0000 



l$003F 
i$0040 



\ 



RAM 
(64Bytes) 



ROM 
(7,872Bytes) 



Interrupt 
Vectors 



Not Used 



$00FF 
$0100 

$013F 
$0140 



$1FF6 

S1FFF 
$2000 




PORTA 



PORT B 



PORTC 



PORT D 



PORT A DDR 



PORT B DDR 



PORT G DDR 



Timer Data Reg 



Timer CTRL Reg 



Misc Reg 



PORTE 



PORTF 



PORTG 



Not Used 



SCI CTRL Reg 



SCI STS Reg 



SCI Data Reg 



Not Used 



$00 

$01 

$02 

$03' 

$04" 

$05* 

$06' 

$07* 

$08 

$09 

$0A 

$0B 

$0C 

SOD 



$10 
$11 
$12 



$3F 



$3FFF 



* Write only register 
** Read only register 



Figure 4 Memory Map of HD6305Y0 MCU 
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7 


6 


5 


4 3 2 10 


n-4 


1 


1 1 


Condition 
Code Register 


n-3 


Accumulator 


n-2 


Index Register 


n-1 


1 


1 


PCH* 


n 


PCL* 



n + 1 
n + 2 
n+3 
n+4 
n + 5 



In a subroutine call, only PCL and PCH are stacked. 
Figure 5 Sequence of Interrupt Stacking 



■ REGISTERS 

There are five registers which the programmer can operate. 



Accumulator 



Index 
Register 

Program 
Counter 



7 

I A | 

7 

I X I 



13 













| PC 


13 6 5 







lololo 


o|o|o 


1 


' 
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Stack 
Pointer 
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-Carry/ 
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Carry 



Figure 6 Programming Model 
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• Accumulator (A) 

This accumulator is an ordinary 8-bit register which holds 
operands or the result of arithmetic operation or data process- 
ing. 

• Index Register (X) 

The index register is an 8-bit register, and is used for index 
addressing mode. Each of the addresses contained in the 
register consists of 8 bits which, combined with an offset 
value, provides an effective address. 

In the case of a read/modify/write instruction, the index 
register can be used like an accumulator to hold operation 
data or the result of operation. 

If not used in the index addressing mode, the register can 
be used to store data temporarily. 

• Program Counter (PC) 

The program counter is a 14-bit register that contains the 
address of the next instruction to be executed. 

• Stack Pointer (SP) 

The stack pointer is a 14-bit register that indicates the ad- 
dress of the next stacking space. Just after reset, the stack 
pointer is set at address $00FF. It is decremented when data 
is pushed, and incremented when pulled. The upper 8 bits 
of the stack pointer are fixed to 0000001 1 . During the MCU 
being reset or during a reset stack pointer (RSP) instruction, 
the pointer is set to address $00FF. Since a subroutine or 
interrupt can use space up to address $00C1 for stacking, the 
subroutine can be used up to 31 levels and the interrupt up 
to 12 levels. 



• Condition Code Register (CC) 

The condition code register is a 5 -bit register, each bit 
indicating the result of the instruction just executed. The 
bits can be individually tested by conditional branch instruc- 
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Interrupt (I): 



tions. The CC bits are as follows: 

Half Carry (H): Used to indicate that a carry occurred be- 
tween bits 3 and 4 during an arithmetic oper- 
ation (ADD, ADC). 

Setting this bit causes all interr Hs, except 
a software interrupt, to be ma^ed. If an 
interrupt occurs with the bit I set, it is 
latched. It will be processed the instant 
the interrupt mask bit is reset. (More specifi- 
cally, it will enter the interrupt processing 
routine after the instruction following the 
CLI has been executed.) 
Used to indicate that the result of the most 
recent arithmetic operation, logical operation 
or data processing is negative (bit 7 is logic 

"1"). 

Used to indicate that the result of the most 

recent arithmetic operation, logical operation 

or data processing is zero. 

Represents a carry or borrow that occurred 

in the most recent arithmetic operation. This 

bit is also affected by the Bit Test and Branch 

instruction and a Rotate instruction. 



Negative (N): 



Zero (Z): 



Carry/ 
Borrow (C): 



Of these six interrupts, the INT 2 and TIMER or the SCI 
and TIMER2 generate the same vector address, respectively. 

When an interrupt occurs, the program in progress stops 
and the then CPU status is saved onto the stack. And then, 
the interrupt mask bit (I) of the condition code register is 
set and the start address of the interrupt processing routine 
is obtained from a particular interrupt vector address. Then 
the interrupt routine starts from the start address. System 
can exit from the interrupt routine by an RTI instruction. 
When this instruction is executed, the CPU status before 
the interrupt (saved onto the stack) is pulled and the CPU 
restarts the sequence with the instruction next to the one at 
which the interrupt occurred. Table 1 lists the priority of 
interrupts and their vector addresses. 

Table 1 Priority of Interrupts 



■ INTERRUPT 

There are six different types of interrupt: external inter- 
rupts (INT, INT2), internal timer interrupts (TIMER, 
TIMER2), serial interrupt (SCI) and interrupt by an instruc- 
tion (SWI). 



Interrupt 


Priority 


Vector Address 


RES 


1 


$1FFE, $1FFF 


SWI 


2 


$1FFC, $1FFD 


INT 


3 


$1FFA, $1FFB 


TIMER/INT2 


4 


$1FF8, $1FF9 


SCI/TIMER2 


5 


$1FF6, $1FF7 



A flowchart of the interrupt sequence is shown in Fig. 7. 
A block diagram of the interrupt request source is shown in 
Fig. 8. 
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Figure 7 Interrupt Flowchart 
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In the block diagram, both the external interrupts INT and 

INT2 are edge trigger inputs. At the falling edge of each input, 
an interrupt request is generated and latched. The INT inter- 
rupt req uest is automatically cleared if jumping is made to 
the INT processing routine. Meanwhile, the INT2 request is 
cleared if "0" is written in bit 7 o f the miscellaneous register. 

For the external interrupts (INT, INT2), internal timer 
interrupts (TIMER, TIMER2) and serial interrupt (SCI), each 
interrupt request is held, but not processed, if the I bit of the 
condition code register is set. Immediately after the I bit is 
cleared, the corresponding interrupt processing starts accord- 
ing to t he pri ority. 

The INT2 interrupt can be masked by setting bit 6 of the 
miscellaneous register; the TIMER interrupt by setting bit 6 
of the timer control register; the SCI interrupt by setting bit 
5 of the serial status register; and the TIMER2 interrupt by 
setting bit 4 of the se rial st atus register. 

The status of the I NT t erminal can be tested by a BIL or 
BIH instruction. The INT falling edge detector circuit and 
its latching circuit are independent of testing by these instruc- 
tions. This is also true with the status of the INT2 terminal. 

• Miscellaneous Register (MR;$000A) 

The interrupt vector address for the external interrupt 
INT2 is the same as that for the TIMER interrupt, as shown 
in Table 1 . For this reason, a special register called the miscel- 
laneous register (MR; $000A) is available to control the 
INT2 interrupts. 



Bit 7 of this register is the INT2 int errup t request flag. 
When the falling edge is detected at the INT2 terminal, "1" 
is set in bit 7. Then the software in the interrupt routine 
(v ector addresses: $1FF8, $1FF9) checks bit 7 to see if it 
is INT2 interrupt. Bit 7 can be reset by software. 



Miscellaneous Register (MR;$000A) 
7 6 5 4 3 2 10 




INT2 Interrupt Mask 

INT2 Interrupt Request Flag 



Bit 6 i s the I NT2 interrupt mask bit. If this bit is set to "1", 
then the INT2 interrupt is disabled. Both read and write are 
possible with bit 7 but "1" cannot be written in this bit by 
software. This means that an interrupt request by software 
is impossible. 

When reset, bit 7 is cleared to "0" and bit 6 is set to "1". 

■TIMER 

Figure 9 shows an MCU timer block diagram. The timer 
data register is loaded by software and, upon receipt of a 
clock input, begins to count down. When the timer data 



BIH/BIL Test 
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$1FFA, $1FFB 



Condition Code Register (CO 



Interrupt Control 
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TIMER 
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register (TDR) becomes "0", the timer interrupt request 
bit (bit 7) in the timer control register is set. In response to 
the interrupt request, the MCU saves its status into the stack 
and fetches timer interrupt routine address from addresses 
S1FF8 and $1FF9 and execute the interrupt routine. The 
timer interrupt can be masked by setting the timer interrupt 
mask bit (bit 6) in the timer control register. The mask bit 
(I) in the condition code register can also mask the timer 
interrupt. 

The source clock to the timer can be either an external 
signal from the timer input terminal or the internal E signal 
(the oscillator clock divided by 4). If the E signal is used as 
the source, the clock input can be gated by the input to the 
timer input terminal. 

Once the timer count has reached "0", it starts counting 
down with "$FF". The count can be monitored whenever 
desired by reading the timer data register. This permits the 
program to know the length of time having passed after the 
occurrence of a timer interrupt, without disturbing the con- 
tents of the counter. 

When the MCU is reset, both the prescaler and counter are 
initialized to logic "1". The timer interrupt request bit 
(bit 7) then is cleared and the timer interrupt mask bit (bit 
6) is set. 

To clear the timer interrupt request bit (bit 7), it is neces- 
sary to write "0" in that bit. 



TCR7 


Timer interrupt request 





Absent 


1 


Present 




TCR6 


Timer interrupt mask 





Enabled 


1 


Disabled 



• Timer Control Register (TCR, $0009) 

Selection of a clock source, selection of a prescaler fre- 
quency division ratio, and a timer interrupt can be controlled 
by the timer control register (TCR; $0009). 

For the selection of a clock source, any one of the four 
modes (see Table 2) can be selected by bits 5 and 4 of the 
timer control register (TCR). 

Timer Control Register (TCR; $0009) 
7 6 5 4 3 2 10 



TCR7 TCR6 TCR5 TCR4 TCR3 TCR2 TCR1 TCRO 



t— Prescaler division ratio selection 
-Prescaler initialize 
Clock input source 



Timer interrupt mask 
— Timer interrupt request 



After reset, the TCR is initialized to "E under timer termi- 
nal control" (bit 5 = 0, bit 4 = 1). If the timer terminal is 

"1", the counter starts counting down with "$FF" immediate- 
ly after reset. 

When "1" is written in bit 3, the prescaler is initialized. 
This bit always shows "0" when read. 

Table 2 Clock Source Selection 



TCR 


Clock input source 


Bit 5 


Bit 4 








Internal clock E 





1 


E under timer terminal control 


1 





No clock input (counting stopped) 


1 


1 


Event input from timer terminal 



(Internal 
Clock) 



o 



t> 



TIMER 

Input 

Terminal 



Clock Input 
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Multiplexer 



Timer Data 
Register (TDR;$0008) 
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t i 



Timer Control 
Register 

(TCR;$0009) 



**- 



Timer Interrupt 



Write 



Read 



Figure 9 Timer Block Diagram 
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A prescaler division ratio is selected by the combination of 
three bits (bits 0, 1 and 2) of the timer control register (see 
Table 3). There are eight different division ratios: +1, +2, +4, 
+8, +16, +32, +64 and +128. After reset, the TCR is set to the 
-j-1 mode. 

Table 3 Prescaler Division Ratio Selection 



TCR 




Bit 2 


Bit 1 


BitO 


Prescaler division ratio 











*1< 








1 


+2 





1 





+4 





1 


1 


+8 


1 








+16 


1 





1 


+32 


1 


1 





+64 


1 


1 


1 


+128 



A timer interrupt is enabled when the timer interrupt mask 
bit is "0", and disabled when the bit is "1". When a timer 
interrupt occurs, "1" is set in the timer interrupt request bit. 
This bit can be cleared by writing "0" in that bit. 

■SERIAL COMMUNICATION INTERFACE (SCI) 

This interface is used for serial transmission or reception 
of 8-bit data. Sixteen transfer rates are available in the range 
from 1 /us to approx. 32 ms (for oscillation at 4 MHz). 

The SCI consists of three registers, one eighth counter and 
one prescaler. (See Fig. 10.) SCI communicates with the CPU 
via the data bus, and with the outside world through bits 5, 
6 and 7 of port C. Described below are the operations of 
each register and data transfer. 

•SCI Control Register (SCR; $0010) 



7 


6 


5 


4 


3 


2 


1 





SCR7 


SCR6 


SCR5 


SCR4 


SCR3 


SCR2 


SCR1 


SCRO 



_J^ 



C 5 (CK) 



C 6 (Rx) 



C 7 (Tx) 



SCI Control Registers (SCR; $0010) 



SCR7 



SCR6 



SCR5 



SCR4 



SCR3 



SCR2 



SCR1 



SCRO 



SCI Data Registers 
(SDR: $0012) 



iz. 



»v 



- MSB 



4 3 



Eighth 
Counter 



LSB 



J\ Multi- 
v" plexer 



□ 



SSR7 



6 5 



SSR6 



f 



SSR5 



SSR4 



J 
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SCI TIMERz 



Figure 10 SCI Block Diagram 
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SCR7 


C 7 terminal 





Used as I/O terminal (by DDR). 


1 


Serial data output (DDR output) 




SCR6 


C 6 terminal 





Used as I/O terminal (by DDR). 


1 


Serial data input (DDR input) 




SCR5 


SCR4 


Clock source 


C s terminal 








- 


Used as I/O terminal (by 





1 


- 


DDR). 


1 





Internal 


Clock output (DDR output) 


1 


1 


External 


Clock input (DDR input) 



Bit 7 (SCR7) 

When this bit is set, the DDR corresponding to the C 7 
becomes "1" and this terminal serves for output of SCI data. 
After reset, the bit is cleared to "0". 

Bit 6 (SCR6) 

When this bit is set, the DDR corresponding to the C 6 
becomes "0" and this terminal serves for input of SCI data. 
After reset, the bit is cleared to "0". 

Bits5and4(SCR5,SCR4) 

These bits are used to select a clock source. After reset, 
the bits are cleared to "0". 

Bits 3 ~ (SCR3 ~ SCRO) 

These bits are used to select a transfer clock rate. After 
reset, the bits are cleared to "0". 



SCR3 


SCR2 


SCR1 


SCRO 


Transfer clock rate 


4.00 MHz 


4.194 MHz 














1 JUS 


0.95 fis 











1 


2 /is 


1.91 /LIS 








1 





4 /lis 


3.82 //s 







I 


1 
I 


1 


8 us 


7.64 /us 


1 


1 


1 


1 


32768 us 


1/32 s 



Bit 7 (SSR7) 

Bit 7 is the SCI interrupt request bit which is set upon 
completion of transmitting or receiving 8-bit data. It is 
cleared when reset or data is written to or read from the 
SCI data register with the SCR5="1". The bit can also be 
cleared by writing "0" in it. 

Bit 6 (SSR6) 

Bit 6 is the TEMER 2 interrupt request bit. TIMER 2 is used 
commonly with the serial clock generator, and SSR6 is set 
each time the internal transfer clock falls. When reset, the 
bit is cleared. It also be cleared by writing "0" in it. (For 
details, see TIMER 2 .) 

Bit 5 (SSR5) 

Bit 5 is the SCI interrupt mask bit which can be set or 
cleared by software. When it is "1", the SCI interrupt (SSR7) 
is masked. When reset, it is set to "1". 

Bit 4 (SSR4) 

Bit 4 is the TIMER 2 interrupt mask bit which can be set 
or cleared by software. When the bit is "1", the TIMER 2 
interrupt (SSR6) is masked. When reset, it is set to "1". 

Bit 3 (SSR3) 

When "1" is written in this bit, the prescaler of the transfer 
clock generator is initialized. When read, the bit always is "0". 

Bits 2 ~ 
Not used. 



SSR7 


SCI interrupt request 





Absent 


1 


Present 




SSR6 


TIMER 2 interrupt request 





Absent 


1 


Present 




SSR5 


SCI interrupt mask 





Enabled 


1 


Disabled 




SSR4 


TIMER 2 interrupt mask 





Enabled 


1 


Disabled 



•SCI Data Register (SDR; $0012) 

A serial-parallel conversion register that is used for transfer 
of data. 

•SCI Status Register (SSR;$0011) 



SSR7 



SSR6 



SSR5 



SSR4 



SSR3 



^M 



• Data Transmission 

By writing the desired control bits into the SCI control 
registers, a transfer rate and a source of transfer clock are 
determined and bits 7 and 5 of port C are set at the serial 
data output terminal and the serial clock terminal, respec- 
tively. The transmit data should be stored from the accumu- 
lator or index register into the SCI data register. The data 
written in the SCI data register is output from the C 7 /Tx 
terminal, starting with the LSB, synchronously with the 
falling edge of the serial clock. (See Fig. 11.) When 8 bits of 
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data have been transmitted, the interrupt request bit is set in 
bit 7 of the SCI status register with the rising edge of the 
last serial clock. This request can be masked by setting bit 5 
of the SCI status register. Once the data has been sent, the 8th 
bit data (MSB) stays at the C7/TX terminal. If an external 
clock source has been selected , the transfer rate determined by 
bits ~ 3 of the SCI control register is ignored, and the Cs/ 
CK terminal is set as input. If the internal clock has been 
selected, the Cs/CK terminal is set as output and clocks are 
output at the transfer rate selected by bits ~ 3 of the SCI 
control register. 




Figure 1 1 SCI Timing Chart 

• Data Reception 

By writing the desired control bits into the SCI control 
register, a transfer rate and a source of transfer clock are de- 
termined and bit 6 and 5 of port C are set at the serial data 
input terminal and the serial clock terminal, respectively. 
Then dummy-writing or -reading the SCI data register, the 
system is ready for receiving data. (This procedure is not 
needed after reading subsequent received data. It must be taken 
after reset and after not reading subsequent received data.) 

The data from the C 6 /Rx terminal is input to the SCI 
data register synchronously with the rising edge of the 
serial clock (see Fig. 11). When 8 bits of data have been re- 
ceived, the interrupt request bit is set in bit 7 of the SCI 
status register. This request can be masked by setting bit 5 
of the SCI status register. If an external clock source have been 
selected, the transfer rate determined by bits ~ 3 of the SCI 
control register is ignored and the_data is received synchro- 
nously with the clock from the C5/CK terminal. If the internal 
clock has been selected, the C S /CK terminal is set as output 
and clocks are output at the transfer rate selected by bits ~ 
3 of the SCI control register. 

• TIMER2 

The SCI transfer clock generator can be used as a timer. 
The clock selected by bits 3 ~ of the SCI control register 
(4 fis ~ approx. 32 ms (for oscillation at 4 MHz)) is input to 
bit 6 of the SCI status register and the TIMER2 interrupt 
request bit is set at each falling edge of the clock. Since inter- 
rupt requests occur periodically, TIMER2 can be used as a 
reload counter or clock. 



© 



©© 



© : Transfer clock generator is reset and mask bit (bit 4 

of SCI status register) is cleared. 
©,(4) :TIMER2 interrupt request 
®.® :TIMER2 interrupt request bit cleared 



TIMER2 is commonly used with the SCI transfer clock 
generator. If wanting to use TIMER2 independently of the 
SCI, specify "External" (SCR5 = 1, SCR4 = 1) as the SCI 
clock source. 

If "Internal" is selected as the clock source, reading or 
writing the SDR causes the prescaler of the transfer clock 
generator to be initialized. 

■I/O PORTS 

There are 32 input/output terminals (ports A, B, C, G). 
Each I/O terminal can be selected for either input or output 
by the data direction register. More specifically, an I/O port 
will be input if "0" is written in the data direction register, 
and output if "1" is written in the data direction register. 
Port A, B or C reads latched data if it has been programmed 
as output, even with the output level being fluctuated by the 
output load. (See Fig. 12-a.) For port G, in such a case, the 
level of the pin is always read when it is read. (See Fig. 12-b.) 
This implies that, even when "1" is being output, port G may 
read "0" if the load condition causes the output voltage to 
decrease to below 2.0V. 

When reset, the data direction register and data register go 
to "0" and all the input/output terminals are used as input. 




Bit of data 

direction 

register 


Bit of 

output 

data 


Status of 
output 


Input to 
CPU 


1 











1 


1 


1 


1 





X 


3-state 


Pin 



a. Ports A, B and C 



b. Port G 
Figure 12 Input/Output Port Diagram 
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There are 1 6 output-only terminals (ports E and F). Each 
of them can also read. In this case, latched data is read even 
with the output terminal level being fluctuated by the output 
load (as with ports A, B and C). 
When reset, "Low" level is output from each output terminal. 

Seven input-only terminals are available (port D). Writing 
to an input terminal is invalid. 

All input/output terminals, output terminals and input 
terminals are TTL compatible and CMOS compatible in re- 
spect of both input and output. 

If I/O ports or input ports are not used, they should be 
connected to Vgs via resistors. With none connected to these 
terminals, there is the possibility of power being consumed 
despite that they are not used. 

■RESET 

The MCU can be reset either by external reset input (RES) 
or power-on reset. (See Fig. 13.) On power up, the reset 
input must be held "Low" for at least 30 ms to assure that the 
internal oscillator is stabilized. A sufficient tim e of d elay can 
be obtained by connecting a capacitance to the RES input as 
shown in Fig. 14. 



5V 
Vcc 

ov- 



RES 
Terminal 



4.5V 



7 



tRHL 



Internal 
Reset 



Vih RES 



Figure 1 3 Power On and Reset Timing 
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Figure 15 Internal Oscillator Circuit 



XTAL 
5 



Rs 



Co 



EXTAL 
6 



AT Cut 
Parallel 
Resonance 
Co = 7pF max. 
f=2.0~8.0MHz 
Rs=60Q max. 



100kft typ 



HD6305Y0 
MCU 



Figure 16 Parameters of Crystal 
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Figure 14 Input Reset Delay Circuit 



■ INTERNAL OSCILLATOR 

The internal oscillator circuit is designed to meet the 
requirement for minimum external configurations. It can be 
driven by connecting a crystal (AT cut 2.0 ~ 8.0MHz) or 
ceramic oscillator between pins 5 and 6 depending on the re- 
quired oscillation frequency stability. 

Three different terminal connections are shown in Fig. 15. 
Figs. 16 and 17 illustrate the specifications and typical arrange- 
ment of the crystal, respectively. 





Crystal 



[NOTE] Use as short wirings as possible for connection of the crystal 
with the EXTAL and XTAL terminals. Do not allow these 
wirings to cross others. 



Figure 17 Typical Crystal Arrangement 
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■ LOW POWER DISSIPATION MODE 

The HD6305Y0 has three low power dissipation modes: 
wait, stop and standby. 

• Wait Mode 

When WAIT instruction being executed, the MCU enters 
into the wait mode. In this mode, the oscillator stays active 
but the internal clock stops. The CPU stops but the peripheral 
functions - the timer and the serial communication inter- 
face - stay active. (NOTE: Once the system has entered the 
wait mode, the serial communication interface can no longer 
be retriggered.) In the wait mode, the registers, RAM and I/O 
terminals hold their condition just before entering into the 
wait mode. 

The escape from this mode can be d one by inte rrupt ( INT, 
TIMER/INT2 or SCI/T1M ER2), RES or STBY. The RES 
resets the MCU and the STBY brings it into the standby 
mode. (This will be mentioned later.) 

When interrupt is requested to the CPU and accepted, the 
wait mode escapes, then the CPU is brought to the operation 
mode and vectors to the interrupt routine. If the interrupt is 
masked by the I bit of the condition code register, after releas- 
ing from the wait mode the MCU executes the i nstru ction 
next to the W AIT. If an interrupt other than the INT (i.e., 
TIMER/INT2 or SCI/TIMER2) is masked by the timer control 
register, miscellaneous register or serial status register, there 
is no interrupt request to the CPU, so the wait mode cannot 
be released. 

Fig. 18 shows a flowchart for the wait function. 

• Stop Mode 

When STOP instruction being executed, MCU enters into 
the stop mode. In this mode, the oscillator stops and the CPU 
and peripheral functions become inactive but the RAM, 
registers and I/O terminals hold their condition just before 



entering into the stop mode. 

The es cape fro m th is mod e c an be done by a n external 
interrupt (IN T orIN T2), RES or STBY. The RES resets the 
MCU and the STBY brings into the standby mode. 

When interrupt is requested to the CPU and accepted, 
the stop mode escapes, then the CPU is brought to the opera- 
tion mode and vectors to the interrupt routine. If the inter- 
rupt is masked by the I bit of the condition code register, 
after releasing from the stop mode , the MCU executes the 
instruction next to the STOP. If the INT2 interrupt is masked 
by the miscellaneous register, there is no interrupt request to 
the MCU, so the stop mode cannot be released. 

Fig. 19 shows a flowchart for the stop function. Fig. 20 
shows a timing chart of return to the operation mode from 
the stop mode. 

For releasing from the stop mode by an interrupt, oscilla- 
tion starts upon input of the interrupt and, after the internal 
delay time for sta bilize d oscillation, the CPU beco mes ac tive. 
For restarting by RES, oscillation starts when the RES goes 
"0" andjhe CPU restarts when the RES goes "1". The dura- 
tion of RES="0" must exceed 30 ms to assure stabilized oscil- 
lation. 

• Standby Mode 

The MCU enters into the standby mode when the STBY 
terminal goes "Low". In this mode, all operations stop and 
the internal condition is reset but the contents of the RAM are 
hold. The I/O terminals turn to high-i mpedan ce state. The 
standby mode should escape by bringing STBY "High". The 
CPU must be r estarte d by reset. The timing of input signals 
at the RES and STBY terminals is shown in Fig. 21 . 

Table 4 lists the status of each parts of the MCU in each 
low power dissipation modes. Transitions between each mode 
are shown in Fig. 22. 
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Figure 18 Wait Mode Flow Chart 
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Figure 19 Stop Mode Flow Chart 
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(b) Restart by Reset 
Figure 20 Timing Chart of Releasing from Stop Mode 



STBY 



RES 



Restart 



Figure 21 Timing Chart of Releasing from Standby Mode 



Table 4 Status of Each Part of MCU in Low Power Dissipation Modes 









Condition 




Mode 


Start 


Oscil- 
lator 


CPU 


Timer, 
Serial 


Register 


RAM 


I/O 
terminal 


Escape 


WAIT 


Soft- 
ware 


WAIT in- 
struction 


Active 


Stop 


Active 


Keep 


Keep 


Keep 


STBY, RES, INT, INT,, 
each interrupt request of 
TIMER, TIMER*. SCI 




STOP in- 
struction 


Stop 


Stop 


Stop 


Keep 


Keep 


Keep 




STOP 


STBY, RES, INT, INT2 


Stand- 
by 


Hard- 
ware 




Stop 


Stop 


Stop 


Reset 


Keep 


High im- 
pedance 




STBY="Low" 


STBY="High" 
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Figure 22 Transitions among Active Mode, Wait Mode, 
Stop Mode, Standby Mode and Reset 



■ BIT MANIPULATION 

The HD6305Y0 MCU can use a single instruction (BSET 
or BCLR) to set or clear one bit of the RAM within page or 
an I/O port (except the write-only registers such as the data 
direction register). Every bit of memory or I/O within page 
($00 ~ $FF) can be tested by the BRSET or BRCLR instruc- 
tion; depending on the result of the test, the program can 
branch to required destinations. Since bits in the RAM on page 
0, or I/O can be manipulated, the user may use a bit within the 
RAM on page as a flag or handle a single I/O bit as an 
independent I/O terminal. Fig. 23 shows an example of bit 
manipulation and the validity of test instructions. In the 
example, the program is configured assuming that bit of port 
A is connected to a zero cross detector circuit and bit 1 of the 
same port to the trigger of a triac. 

The program shown can activate the triac within a time of 
10/is from zero-crossing through the use of only 7 bytes on 
the ROM. The on-chip timer provides a required time of 
delay and pulse width modulation of power is also possible. 

SELF 1. BRCLRO, PORTA.SELF 1 
BSET 1 , PORT A 
BCLR 1 , PORT A 

Figure 23 Example of Bit Manipulation 



■ADDRESSING MODES 

Ten different addressing modes are available to the 
HD6305Y0 MCU. 

• Immediate 

See Fig. 24. The immediate addressing mode provides 
access to a constant which does not vary during execution of 
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the program. 

This access requires an instruction length of 2 bytes. The 
effective address (EA) is PC and the operand is fetched from 
the byte that follows the operation code. 

• Direct 

See Fig. 25. In the direct addressing mode, the address of 
the operand is contained in the 2nd byte of the instruction. 
The user can gain direct access to memory up to the lower 
255th address. 192 byte RAM and I/O registers are on page 
of address space so that the direct addressing mode may be 
utilized. 

• Extended 

See Fig. 26. The extended addressing is used for referenc- 
ing to all addresses of memory. The EA is the contents of 
the 2 bytes that follow the operation code. An extended 
addressing instruction requires a length of 3 bytes. 

• Relative 

See Fig. 27. The relative addressing mode is used with 
branch instructions only. When a branch occurs, the program 
counter is loaded with the contents of the byte following the 
operation code. EA = (PC) + 2 + Rel., where Rel. indicates a 
signed 8-bit data following the operation code. If no branch 
occurs, Rel. = 0. When a branch occurs, the program jumps 
to any, byte in the range +129 to -127. A branch instruction 
requires a length of 2 bytes. 

• Indexed (No Offset) 

See Fig. 28. The indexed addressing mode allows access 
up to the lower 255th address of memory. In this mode, an 
instruction requires a length of one byte. The EA is the 
contents of the index register. 
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• Indexed (8-bit Offset) 

See Fig. 29. The EA is the contents of the byte follow- 
ing the operation code, plus the contents of the index register. 
This mode allows access up to the lower 511th address of 
memory. Each instruction when used in the index addressing 
mode (8-bit offset) requires a length of 2 bytes. 

• Indexed (16-bit Offset) 

See Fig. 30. The contents of the 2 bytes following the 
operation code are added to content of the index register 
to compute the value of EA. In this mode, the complete 
memory can be accessed. When used in the indexed address- 
ing mode (16-bit offset), an instruction must be 3 bytes long. 

• Bit Set/Clear 

See Fig. 31. This addressing mode is applied to the BSET 
and BCLR instructions that can set or clear any bit on page 
0. The lower 3 bits of the operation code specify the bit to 
be set or cleared. The byte that follows the operation code 
indicates an address within page 0. 



• Bit Test and Branch 

See Fig. 32. This addressing mode is applied to the BRSET 
and BRCLR instructions that can test any bit within page 
and can be branched in the relative addressing mode. The 
byte to be tested is addressed depending on the contents of 
the byte following the operation code. Individual bits within 
the byte to be tested are specified by the lower 3 bits of the 
operation code. The 3rd byte represents a relative value which 
will be added to the program counter when a branch condition 
is established. Each of these instructions should be 3 bytes 
long. The value of the test bit is written in the carry bit of the 
condition code register. 

• Implied 

See Fig. 33. This mode involves no EA. All information 
needed for execution of an instruction is contained in the 
operation code. Direct manipulation on the accumulator 
and index register is included in the implied addressing mode. 
Other instructions such as SWI and RTI are also used in this 
mode. All instructions used in the implied addressing mode 
should have a length of one byte. 



PROG LDA «$F8 05BE 
05BF 



1 




|EA 






Memory 


1 




1 




i 




I 








/ 


Adder 


\ 












1 
1 


-1 F8 | 




Index Reg 




1 1 




Stack Point 




1 1 


A6 


Prog Count 


F8 






05C0 1 




cc 




1 1 



























Figure 24 Example of Immediate Addressing 



Memory f 

l l ■■ 



CAT FCB 32 004B 



PROG LDA CAT 052D 
052E 



Adder 



\ 



Index Reg 



Stack Point 

I I ~l 
Prog Count 

| 052F | 

CC 

I I 



Figure 25 Example of Direct Addressing 
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PROG LDA CAT 0409 
040A 
040B 



CAT FCB 64 06E5 



Memory 



S Adder X 

A 7\ X 



Index Reg 



Prog Count 



040C 
— CT 



Figure 26 Example of Extended Addressing 



PROG 8EQ PR0G2 04A7 
04A8 







EA 






Memory 




I 04C1 


1 








i 


\ 




/ Adder "> 


A 






y ^x 


| 1 




I 


1 , 






Index Reg 




OR U 




1 1 

Stack Point 








\ 
0000 


1 1 1 






Prog Count 


27 


^L- 


04C1 | 


18 




| CC 










1 1 7 \ 








1 

































Figure 27 Example of Relative Addressing 





Memory 




|EA 










1 


00B8 


1 










! 




\ 






1 

0000 


Adder 


V 












A 




4C 










1 *c J 




49 


Index heg 










Stack Point 


PROG LDA X 05F4 


F6 


1 


1 1 








Prog Count 






1 


05F5 | 








CC 








1 1 
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Figure 28 Example of Indexed (No Offset) Addressing 
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TABL FCB IfBF 0089 

FCB It 86 008A 

FCB SOB 008B 

FCB *CF 008C 



PROG LDA TABl.X 075B 
075C 



1 




|EA 




A 
1 




Memory 


1 


008C 


1 






A 


1 


V 






r Adder "" 




BF 




86 






-1 


CF 


1 


Index Reg 








1 i 03 1 

Stack Point 


E6 


1 


1 
Prog Count 


1 


89 








1 


075D 


| 






cc 




: 


1 


1 























Figure 29 Example of Index (8-bit Offset) Addressing 
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]EA 












1 


0780 


1 








> 




1 












Adder 


V 








/_ 


> 


^ 


















A 






A DB | 










Index Reg 






.1 02 I 


PROG LDA TABL.X 0692 


D6 






Stack Point 


0693 


07 




1 1 1 


0694 


7E 


J" 






Prog Count 








I 0695 | 








CC 


TABL FCB <BF 077E 


BF 


1 1 


FCB U86 077F 


86 




FCB 8DB 0780 


08 




■- 












FCB *CF 0781 


CF 













Figure 30 Example of Index (16-bit Offset) Addressing 



PORT B EQU 1 0001 



PROG BCLR 6 PORT B 058F 
0590 









BF 




JL. 




Clea 

m 






L^r 



Adder V 



r 

0000 



Index Reg 
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I 




Stack Point 




r~ i i 


Prog Count 


L_ 


0591 


1 



Figure 31 Example of Bit Set/Clear Addressing 
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1 
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| 0002 | 
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r Adder T 


\ A 

^ 1 1 


PORT C EQU 2. 0002 
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i/ SK 






Bit 
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0000 lndex Re9 
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l~ 1 1 


ORTC.PROG 2 0574 
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Prog Count 
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-H OR I 


1 c I 
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\ Adder / 
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Figure 32 Example of Bit Test and Branch Addressing 





Memory 
























i 


PROG TAX 05BA 


97 
















! 























Adder \ 



G 



Index Reg 



Stack Point 



E5 I 



Prog Count 



Figure 33 Example of Implied Addressing 



■ INSTRUCTION SET 

There are 62 basic instructions available to the HD6305Y0 
MCU. They can be classified into five categories: register/ 
memory, read/modify /write, branch, bit manipulation, and 
control. The details of each instruction are described in 
Tables 5 through 11. 

• Register/Memory Instructions 

Most of these instructions use two operands. One operand 
is either an accumulator or index register. The other is derived 
from memory using one of the addressing modes used on the 
HD6305Y0 MCU. There is no register operand in the uncon- 
ditional jump instruction (JMP) and the subroutine jump 
instruction (JSR). See Table 5. 

• Read/Modify/Write Instructions 

These instructions read a memory or register, then modify 
or test its contents, and write the modified value into the 
memory or register. Zero test instruction (TST) does not 
write data, and is handled as an exception in the read/modify/ 
write group. See Table 6. 



• Branch Instructions 

A branch instruction branches from the program sequence 
in progress if a particular condition is established. See Table 7. 

• Bit Manipulation Instructions 

These instructions can be used with any bit located up to 
the lower 255th address of memory. Two groups are available; 
one for setting or clearing and the other for bit testing and 
branching. See Table 8. 

• Control Instructions 

The control instructions control the operation of the MCU 
which is executing a program. See Table 9. 

• List of Instructions in Alphabetical Order 

Table 10 lists all the instructions used on the HD6305YO 
MCU in the alphabetical order. 

• Operation Code Map 

Table 1 1 shows the operation code map for the instructions 
used on the MCU. 
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# HITACHI 



HD6305Y0,HD63A05Y0,HD63B05Y0 













Table 5 


Re 


gis 


ter/ 


Memory 


Instructions 




















Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic 
Operation 




Operation. 


Immediate 


Direct 


Extended 


Indexed 
(No Offset) 


Indexed 
(8-Bit Offset) 


Indexed 
(16-Bit Offset) 


Condition 
Code 




OP 


8 


- 


OP 


a 


- 


OP 


« 


- 


OP 


8 


- 


OP 


8 


~ 


OP 


8 


- 


H 


1 


N 


z 


C 


Load A from Memory 


LDA 


A6 


2 


2 


B6 


2 


3 


C6 


3 


4 


F6 


1 


3 


E6 


2 


4 


D6 


3 


5 


M-.A 


• 




A 


A 


• 


Load X from Memory 


LDX 


AE 


2 


2 


BEj 


2 


3 


CE 


3 


4 


FE 


1 


3 


EE 


2 


4 


DE 


3 


5 


M-X 


• 




A 


A 


• 


Store A in Memory 


STA 








B7 


2 


3 


C7 


3 


4 


F7 


1 


4 


E7 


2 


4 


D7 


3 


5 


A-M 


• 




A 


A 


• 


Store X in Memory 


STX 








BF 


2 


3 


CF 


3 


4 


FF 


1 


4 


EF 


2 


4 


DF 


3 


5 


X-.M 


• 




A 


A 


• 


Add Memory to A 


ADD 


AB 


2 


2 


BB 


2 


3 


CB 


3 


4 


FB 


1 


3 


EB 


2 


4 


DB 


3 


5 


A + M-.A 


a 




A 






Add Memory and Carry 
to A i 


ADC 


A9 


2 


2 


B9 


2 


3 


C9 


3 


4 


F9 


1 


3 


E9 


2 


4 


D9 


3 


5 


A+M+C-A 


A 




A 


, 




Subtract Memory 


SUB 


AO 


2 


2 


BO 


2 


3 


CO 


3 


4 


FO 


1 


3 


EO 


2 


4 


DO 


3 


5 


A-M-A 


• 




* 


' 


' 


Subtract Memory from 
A with Borrow 


SBC 


A2 


2 


2 


B2 


2 


3 


C2 


3 


4 


F2 


1 


3 


E2 


2 


4 


D2 


3 


5 


A-M-C-A 


• 




A 


,. 


, 


AND Memory to A 


AND 


A4 


2 


2 


B4 


2 


3 


C4 


3 


4 


F4 


1 


3 


E4 


2 


4 


D4 


3 


5 


A- M— A 


• 




'• 




• 


OR Memory with A 


ORA 


AA 


2 


2 


BA 


2 


3 


CA 


3 


4 


FA 


1 


3 


EA 


2 


4 


DA 


3 


5 


A+M-A 


• 




'- 




• 


Exclusive OR Memory 
with A 


EOR 


A8 


2 


2 


B8 


2 


3 


C8 


3 


4 


F8 


1 


3 


E8 


2 


4 


D8 


3 


5 


Ai-h)M— A 


• 




A 




• 


Arithmetic Compare A 
with Memory 


CMP 


A1 


2 


2 


B1 


2 


3 


CI 


3 


4 


F1 


1 


3 


E1 


2 


4 


D1 


3 


5 


A-M 


• 




^ 


, 




Arithmetic Compare X 
with Memory 


CPX 


A3 


2 


2 


B3 


2 


3 


C3 


3 


4 


F3 


1 


3 


E3 


2 


4 


D3 


3 


5 


X-M 


• 




A 






Bit Test Memory with 
A (Logical Compare) 


BIT 


A5 


2 


2 


B5 


2 


3 


C5 


3 


4 


F5 


1 


3 


E5 


2 


4 


D5 


3 


5 


A- M 


• 




A 


, 


• 


Jump Unconditional 


JMP 








BC 


2 


2 


CCj 


3 


3 


FC 


1 


2 


EC 


2 


3 


DC 


3 


4 














Jump to Subroutine 


JSR 








BD 


2 


5 


CD 


3 


6 


FD 


1 


5 


ED 


2 


5 


DD 


3 


6 















Symbols: Op = Operation 
# ■ Number of 
~ = Number of 



bytes 
cycles 



Table 6 Read/Modify/Write Instructions 





Mnemonic 


Addressing Modes 


Boolean/Arithmetic Operation 












Operations 


Implied(A) 


Implied(X) 


Direct 


Indexed 
(No Offset) 


Indexed 
(8-Bit Offset) 


Condition 
Code 




OP 


8 


- 


OP 


8 


- 


OP 


8 


- 


OP 


8 


- 


OP 


8 


- 


H 


1 


N 


z 


c 


Increment 


INC 


4C 


1 


2 


5C 


1 


2 


3C 


2 


5 


7C 


1 


5 


6C 


2 


6 


A+1-A or X+1-X or M+1— M 






A 


A 


• 


Decrement 


DEC 


4A 


1 


2 


5A 


1 


2 


3A 


2 


5 


7A 


1 


5 


6A 


2 


6 


A-1-Aor X-1-Xor M-1-M 






A 


A 


• 


Clear 


CLR 


4F 


1 


2 


^F 


1 


2 


3F 


2 


5 


7F 


1 


5 


6F 


2 


6 


00-A or 00— X or 00-M 









1 


• 


Complement 


COM 


43 


1 


2 


53 


1 


2 


33 


2 


5 


73 


1 


5 


63 


2 


6 


A-A or X-X or M-M 






A 


A 


1 


Negate 

(2's Complement) 


NEG 


40 


1 


2 


50 


1 


2 


30 


2 


5 


70 


1 


5 


60 


2 


6 


00-A-A or 00-X-X 
or OO-M-M 






A 


A 


A 




ROL 


49 


1 


2 


59 


1 


2 


39 


2 


5 


79 


1 


5 


69 


2 


6 








* 


* 






1 c b, A or x <x M bo 1 






M H 11 1 1 1 1 1 H 






ROR 


46 


1 


2 


56 


1 


2 


36 


2 


5 


76 


1 


5 


66 


2 


6 


I b; Bo — i 






* 


A 






LjcH i i^.,:m| i |J 






LSL 


48 


1 


2 


58 


1 


2 


38 


2 


5 


78 


1 


5 


68 


2 


6 








* 


* 










Logical Shift Left 


1 H \i-y r 4 1 1 r— o 


A 




LSR 


44 


1 


2 


54 


1 


2 


34 


2 


5 


74 


1 


5 


64 


2 


6 











A 






b7 - bo c 




Logical Shift Right 


<H 1 Ia^xVmI 1 H 1 


A 










ASR 


47 


1 


2 


57 


1 


2 


37 


2 


5 


77 


1 


5 


67 


2 


6 








A 


A 












U'i uh.:*ii w I 




Arithmetic Shift Lift 


ASL 


48 


1 


2 


58 


1 


2 


3fT 


2 


5 


78 


1 


5 


68 


2 


6 


Equal to LSL 






A 


A 


A 


Test for Negative 
or Zero 


TST 


4D 


1 


2 


5D 


1 


2 


3D 


2 


4 


7D 


1 


4 


6D 


2 


5 


A-OOor X-OOor M-00 






A 


A 


• 



Symbols: Op * Operation 

# - Number of bytes 
- ■ Number of cycles 
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Table 7 Branch Instructions 





Mnemonic 


Addressing Modes 


Branch Test 


Condition Code 


Operations 


Relative 




OP 


# 


- 


H 


I 


N 


Z 


c 


Branch Always 


BRA 


20 


2 


3 


None 












Branch Never 


BRN 


21 


2 


3 


None 












Branch IF Higher 


BHI 


22 


2 


3 


c+z=o 












Branch IF Lower or Same 


BLS 


23 


2 


3 


C + Z=1 












Branch IF Carry Clear 


BCC 


24 


2 


3 


C=0 












(Branch IF Higher or Same). 


(BHS) 


24 


2 


3 


C=0 












Branch IF Carry Set 


BCS 


25 


2 


3 


C = 1 












(Branch IF Lower) 


(BLO) 


25 


2 


3 


C = 1 












Branch IF Not Equal 


BNE 


26 


2 


3 


Z=0 












Branch IF Equal 


BEQ 


27 


2 


3 


Z=1 












Branch IF Half Carry Clear 


BHCC 


28 


2 


3 


H=0 












Branch IF Half Carry Set 


BHCS 


29 


2 


3 


H = 1 












Branch IF Plus 


BPL 


2A 


2 


3 


N=0 












Branch IF Minus 


BMI 


2B 


2 


3 


N = 1 












Branch IF Interrupt Mask 
Bit is Clear 


BMC 


2C 


2 


3 


l=0 












Branch IF Interrupt Mask 
Bit is Set 


BMS 


2D 


2 


3 


1=1 












Branch IF Interrupt Line 
is Low 


BIL 


2E 


2 


3 


INT=0 












Branch IF Interrupt Line 
is High 


BIH 


2F 


2 


3 


INT = 1 












Branch to Subroutine 


BSR 


AD 


2 


5 
















Symbols: Op 

# 



= Operation 

= Number of bytes 

= Number of cycles 



Table 8 Bit Manipulation Instructions 





Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic 
Operation 


Branch 
Test 












Operations 


Bit Set Clear 


Bit Test and Branch 






OP 


# 


~ 


OP 


# 


_ 


H 


I 


N 


Z 


c 


Branch IF Bit n is set 


BRSET n(n=0-7) 








2n 


3 


5 





Mn = 1 


• 


• 


• 


• 


A 


Branch IF Bit n is clear 


BRCLR n(n=0 7) 








01+2-n 


3 


5 





Mn=0 


• 


• 


• 


• 


A 


Set Bit n 


BSET n(n=0- -7) 


10+2-n 


2 


5 








1->Mn 















Clear Bit n 


BCLR n(n=0- 7) 


11+2-n 


2 


5 






- 


0— Mn 
















Symbols: Op = Operation 

# = Number of bytes 
~ = Number of cycles 
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Table 9 Control Instructions 





Mnemonic 


Addressing Modes 


Boolean Operation 












Operations 


Implied 


Conamon uode 




OP 


# 


~ 


H 


1 


N 


Z 


c 


Transfer A to X 


TAX 


97 




2 


A-X 




• 






• 


Transfer X to A 


TXA 


9F 




2 


X-A 




• 






• 


Set Carry Bit 


SEC 


99 




1 


1-C 




• 






1 


Clear Carry Bit 


CLC 


98 




1 


0-C 




• 









Set Interrupt Mask Bit 


SEI 


9B 




2 


1-1 




1 








Clear Interrupt Mask Bit 


CLI 


9A 




2 


0-1 













Software Interrupt 


SWI 


83 




10 






1 








Return from Subroutine 


RTS 


81 




5 






• 








Return from Interrupt 


RTI 


80 




8 






? 








Reset Stack Pointer 


RSP 


9C 




2 


$FF-SP 












No-Operation 


NOP 


9D 




1 


Advance Prog. Cntr. Only 












Decimal Adjust A 


DAA 


8D 




2 


Converts binary add of BCD charcters into 
BCD format 










A* 


Stop 


STOP 


8E 




4 














Wait 


WAIT 


8F 




4 















Symbols: Op = Operation 

# = Number of bytes 
~ ■ Number of cycles 



Are BCD characters of upper byte 10 or more? (They are not cleared if set in advance.) 



Table 10 Instruction Set (in Alphabetical Order) 













Addressing Modes 










Condition Code 


Mnemonic 


Implied 


Immediate 


Direct 


Extended 


Relative 


Indexed 
(No Offset) 


Indexed 
(8-Bit) 


Indexed 
(16-Bit) 


Bit 
Set/ 
Clear 


Bit 
Test & 
Branch 


H 


I 


N 


Z 


c 


ADC 




X 


X 


X 




X 


X 


X 






A 




A 


A 


A 


ADD 




X 


X 


X 




X 


X 


X 






A 




A 


A 


A 


AND 




X 


X 


X 




X 


X 


X 










A 


A 


• 


ASL 


X 




X 






X 


X 












A 


A 


'A 


ASR 


X 




X 






X 


X 












A 


A 


A 


BCC 


^ 








X 






















BCLR 


















X 














BCS 










X 






















BEQ 










X 






















BHCC 










X 






















BHCS 










X 






















BHI 










X 






















(BHS) 










X 






















BIH 










X 






















BIL 










X 






















BIT 




X 


X 


X 




X 


X 


X 
















(BIO) 










X , 






















BLS 










X 






















BMC 










X 






















BMI 










X 






















BMS 










X 






















BNE 










X 






















BPL 










X 






















BRA 










X 























Condition Code Symbols: 
H Half Carry (From Bit 3) 
I Interrupt Mask 
N Negative (Sign Bit) 
Z Zero 



(to be continued) 



Carry/Borrow 

Test and Set if True, Cleared Otherwise 

Not Affected 

Load CC Register From Stack 
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HD6305Y0,HD63A05Y0,HD63B05Y0- 



Table 10 Instruction Set (in Alphabetical Order) 





Addressing Modes 


Condition Code 


Mnemonic 


Implied 


Immediate 


Direct 


Extended 


Relative 


Indexed 
(No Offset) 


Indexed 
(8-Bit) 


Indexed 
(16-Bit) 


Bit 
Set/ 
Clear 


Bit 
Test& 
Branch 


H 


1 


N 


z 


C 


BRN 










X 






















BRCLR 




















X 




• 




• 


A 


BRSET 




















X 




• 




• 


A 


BSET 


















X 














BSR 










X 






















CLC 


X 






















• 




• 





CLI 


X 



























• 


• 


CLR 


X 




X 






X 


X 










• 





1 


• 


CMP 




X 


X 


X 




X 


X 


X 








• 


A 


A 


A 


COM 


X 




X 






X 


X 










• 


A 


A 


1 


CPX 




X 


X 


X 




X 


X 


X 








• 


A 


A 


A 


DAA 


X 






















• 


A 


A 


A 


DEC 


X 




X 






X 


X 










• 


A 


A 


• 


EOR 




X 


X 


X 




X 


X 


X 








• 


A 


A 


• 


INC 


X 




X 






X 


X 










• 


A 


A 


• 


JMP 






X 


X 




X 


X 


X 
















JSR 






X 


X 




X 


X 


X 
















LDA 




X 


X 


X 




X 


X 


X 








• 


A 


A 


• 


LDX 




X 


X 


X 




X 


X 


X 








• 


A 


A 


• 


LSL 


X 




X 






X 


X 










• 


A 


A 


A 


LSR 


X 




X 






X 


X 










• 





A 


A 


NEG 


X 




X 






X 


X 










• 


A 


A 


A 


NOP 


X 






























ORA 




X 


X 


X 




X 


X 


X 








• 


A 


A 


• 


ROL 


L X 




X 






X 


X 










• 


A 


A 


A 


ROR 


X 




X 






X 


X 










• 


A 


A 


A 


RSP 


X 






























RTI 


X 






















? 


? 


? 


? 


RTS 


X 






























SBC 




X 


X 


X 




X 


X 


X 








• 


A 


A 


A 


SEC 


X 






















• 


• 


• 


1 


SEI 


X 






















1 


• 


• 


• 


STA 






X 


X 




X 


X 


X 








• 


A 


A 


• 


STOP 


X 






























STX 






X 


X 




X 


X 


X 








• 


A 


A 


• 


SUB 




X 


X 


X 




X 


X 


X 








• 


A 


A 


A 


SWI 


X 






















1 


• 


• 


• 


TAX 


X 






























TST 


X 




X 






X 


X 










• 


A 


A 


• 


TXA 


X 






























WAIT 


X 































Condition Code Symbols: 
H Half Carry (From Bit 3) 
I Interrupt Mask 
N Negative (Sign Bit) 
Z Zero 



Carry/Borrow 

Test and Set if True, Cleared Otherwise 

Not Affected 

Load CC Register From Stack 
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Table 1 1 Operation Code Map 





Bit Manipulation 


Branch 


Read / Modify /Write 


Control 


Register/Memory 






Test & 
Branch 


Set/ 
Clear 


Rel 


DIR 


A 


X 


,X1 


,xo 


IMP 


IMP 


IMM 


DIR 


EXT 


,X2 


,X1 


,xo 









1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 


*-\ 





BRSETO 


BSETO 


BRA 


NEG 


BE- 




SUB 





1 


BRCLRO 


BCLRO 


BRN 


- 


RTS' 




CMP 


1 


2 


BRSET1 


BSET1 


BHI 


- 






SBC 


2 


3 


BRCLR1 


BCLR1 


BLS 


COM 


SWI* 




CPX 


3 


4 


BRSET2 


BSET2 


BCC 


LSR 


- 




AND 


4 


5 


BRCLR2 


BCLR2 


BCS 


- 






BIT 


5 


6 


BRSET3 


BSET3 


BNE 


ROR 






LDA 


6 


7 


BRCLR3 


BCLR3 


BEQ 


ASR 




TAX* 


| STA 


STAI+1) 


7 


8 


BRSET4 


BSET4 


BHCC 


LSL/ASL 




CLC 


EOR 


8 


9 


BRCLR4 


BCLR4 


BHCS 


ROL 




SEC 


ADC 


9 


A 


BRSET5 


BSET5 


BPL 


DEC 




CLI* 


ORA 


A 


B 


BRCLR5 


BCLR5 


BMI 


- 




SEI* 


ADD 


B 


C 


BRSET6 


BSET6 


BMC 


INC 




RSP* 


- 


JMP(-1) 


C 


D 


BRCLR6 


BCLR6 


BMS 


TST(-1)| TST | TST 


-1) 


DAA' 


NOP 


BSR* 


JSR( + 2) | JSR(+1) 


JSR(+2) 


D 


E 


BRSET7 


BSET7 


BIL 


- 


STOP* 


- 


LDX 


E 


F 


BRCLR7 


BCLR7 


BIH 


CLR 


WAIT* 


TXA* 


- 


STX 


STX(+1) 


F 




3/5 


2/5 


2/3 


2/5 | 1/2 | 1/2 | 2/6 


1/5 


1/* 


1/1 


2/2 


2/3 | 3/4 | 3/5 | 2/4 


1/3 





HIGH 



(NOTES) 1. "-" is an undefined operation code. 

2. The lowermost numbers in each column represent a byte count and the number of cycles required (byte count/number of cycles). 
The number of cycles for the mnemonics asterisked (•) is as follows: 



RTI 


8 


TAX 


2 


RTS 


5 


RSP 


2 


SWI 


10 


TXA 


2 


DAA 


2 


BSR 


5 


STOP 


4 


CLI 


2 


WAIT 


4 


SEI 


2 



3. The parenthesized numbers must be added to the cycle count of the particular instruction. 



• Additional Instructions 

The following new instructions are used on the HD6305Y0: 
DAA Converts the contents of the accumulator into BCD 
code. 



WAIT Causes the MCU to enter the wait mode. For this mode, 

see the topic, Wait Mode. 
STOP Causes the MCU to enter the stop mode. For this mode, 

see the topic, Stop Mode. 
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HD6305Y1 ,HD63A05Y1 ,HD63B05Y1 — 
H D6305 Y2, H D63A05 Y2, H D63B05 Y2 

CMOS MCU (Microcomputer Unit) 



-PRELIMINARY- 



The HD6305Y1 and the HD6305Y2 axe CMOS 8-bit single 
chip miciocomputers. A CPU, a clock generator, a 256 byte 
RAM, I/O terminals, two timers and a serial communication 
interface (SCI) are built in both chip of the HD6305Y1 and 
the HD6305Y2. Their memory spaces are expandable to 16k 
bytes externally. 

The HD6305Y1 and the HD6305Y2 have the same functions 
as the HD6305Y0's except for the number of I/O terminals. 
The HD6305Y1 has 7872 byte ROM and its memory space is 
expandable to 8k bytes externally. The HD6305Y2 is a micro- 
computer unit which includes no ROM and its memory space 
is expandable to 16k bytes externally. 

■ HARDWARE FEATURES 

• 8-bit based MCU 

• 7872 bytes of internal ROM (HD6305Y1) 
No internal ROM (HD6305Y2) 

• 256 bytes of RAM 

• A total of 31 terminals, including 24 l/O's, 7 inputs 

• Two timers 

- 8-bit timer with a 7-bit prescaler (programmable prescaler; 
event counter) 

- 15-bit timer (commonly used with the SCI clock divider) 

• On-chip serial interface circuit (synchronized with clock) 

• Six interrupts (two external, two timer, one serial and one 
software) 

• Low power dissipation modes 

- Wait .... In this mode, the clock oscillator is on and the 

CPU halts but the timer/serial/interrupt func- 
tion is operatable. 

- Stop. ... In this mode, the clock stops but the RAM 

data, I/O status and registers are held. 

- Standby.. In this mode, the clock stops, the RAM data 

is held, and the other internal condition is 
reset. 

• Minimum instruction cycle time 

- HD6305Y1/Y2 • • 1 MS (f = 1 MHz) 

- HD63A05Y1/Y2- • 0.67 fis (f= 1.5 MHz) 

- HD63B05Y1/Y2- • 0.5 ^s (f = 2 MHz) 

• Wide operating range 

Vcc = 3 to 6V (f = 0.1 to 0.5 MHz) 

- HD6305Y1/Y2 • • f = 0.1 to 1 MHz (Vcc = 5V ± 10%) 

- HD63A05Y1/Y2- • f = 0.1 to 1.5 MHz (V C C = 5V ± 10%) 

- HD63B05Y1/Y2 • • f = 0.1 to 2 MHz (Vcc = 5V ± 10%) 

• System development fully supported by an evaluation kit 



HD6305Y1P, HD63A05Y1P, 
HD63B05Y1P, HD6305Y2P, 
HD63A05Y2P, HD63B05Y2P 




(DP-64S) 



HD6305Y1 F, HD63A05Y1 F, 
HD63B05Y1 F, HD6305Y2F, 
HD63A05Y2F, HD63B05Y2F 




(FP-64) 



• Index addressing mode useful for table processing 

• A variety of conditional branch instructions 

• Ten powerful addressing modes 

• All addressing modes adaptable to RAM, and I/O instructions 

• Three new instructions, STOP, WAIT and DAA, added to the 
HD6805 family instruction set 

• Instructions that are upward compatible with those of Moto- 
rola's MC6805P2 and MC146805G2 



■SOFTWARE FEATURES 

• Similar to HD6800 

• Byte efficient instruction set 

• Powerful bit manipulation instructions (Bit Set, Bit Clear, and 
Bit Test and Branch usable for 192 byte RAM bits within page 
and all I/O terminals) 

• A variety of interrupt operations 
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PIN ARRANGEMENT 
• HD6305Y1P, HD63A05Y1P, HD63B05Y1P, 
HD6305Y2P, HD63A05Y2P, HD63B05Y2P 



• H D6305 Y 1 F, H D63A05Y 1 F, H D63B05Y 1 F, 
HD6305Y2F, HD63A05Y2F, HD63B05Y2F 



v ss n 





M OATAo 


RESQ 




S3 DATA , 


INTQ 




52 DATA 3 


STBYQ 




S3) DATA 3 


XTALd 




59 DATA 4 


EXTALQ 




19 DATA s 


NUMn 




59 DATA 6 


TIMER [3 




52 DATA, 


A 7 Q 




5Se 


A. 05 




53 r/w 


a 5 Q3 




3 ADR, 3 


A 4 E 




53 ADR ,2 


a 3 G3 




52 ADR,, 


A 2 (3 




51 ADR ,0 


A,QS 




S3 ADR. 


AoQS 




13 ADRt 


B7Q2 




ffl ADR, 


BeOS 




13 ADR e 


BsGS 




3 ADR 5 


b 4 2S 




19 ADR 4 


B3E 




H ADR 3 


B2I2 




53 ADRj 


b,B3 




12 ADR, 


BoH 




£D ADRo 


c^/Tx E 




HD7 


Ce/Rx QS 




BO./INTj 


C5/CK E 




go, 


C4CS 




Do* 


CsE 




39 d, 


CjE 




39 Oj 


c,E 




3Sd, 


CoE 




33 v cc 



I 

timer[T[ 

A7[T 

A 6 [T 
As[T 

A4C1 

A 3 [T 
A 2 [Z 
A.LT 
AoCJL 

B?[To 

B«CI 
BsQI 
B4CI 
BsQI 

B,QJ 

B,Qi 

BoQ7 
Cv/Tx QJT 
Ce/Rx fT? 



1^5 

12 fc 



<<<<<< 

to to h H h h h h 

' C/5 < < < < < < 

Q Q Q Q O ~ 



CO |i_ |W a 
H Z E " 

i^imfemifi[fif^irt] 



feiyi«jiBii£iyffii£jiiJiiiyi£j 

boOOOOOQQ QQQ t 



17) data 6 

15] DATA, 
19]e 
ill R/W 

2D ADR "3 
33ADR.J 
"45]ADR„ 
il]ADRio 
"431ADR, 
«]ADR, 
"4T]ADR 7 
40lADR« 
39JADR, 
381ADR4 

17|adr 3 

36)aDR 2 
35]ADR, 
34]ADRo 

]J]D7 



(Top View) 



(Top View) 



■ BLOCK DIAGRAM 





i 


TIMER-* 


Prescaler 

7 


Timer/ 
8 Counter 




Timer Control 
















Port A 


aTZZI 


< g 


M 


I/O 






Terminals 


*4 . 


if 


a J 



C^ 



c^ 



Port B 

I/O 

Terminals 



Cs/CK- 
C,/R« - 
C,/T« - 






US 
II 



C3 



Serial 
Data 
Registt 



Serial 
Status 
Register 



-« 




K=5 



Port D 
Input 
Terminals 



c=s 



- ADR,, 

■ ADR,: 

- ADR,, 

- ADR.o 

■ ADR, 

- ADR, 
-ADR, 
" ADR, 
-ADR, 
■ADR. 
-ADR, 

- ADR, 

- AOR, 
■ADR, 



■ DATA, 
-DATA, 

- DATA, 
-DATA, 

- DATA, 

■ DATA, 

- DATA, 
■DATAo 
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i ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage 


v C c 


-0.3 ~ +7.0 


V 


Input Voltage 


V in 


-0.3 ~ V C c + 0.3 


V 


Operating Temperature 


Topr 


0~+70 


°C 


Storage Temperature 


Tstg 


-55 ~ +150 


°C 



(NOTE) These products have a protection circuit in their input terminals against high electrostatic voltage or high electric fields. Notwithstanding, 
be careful not to apply any voltage higher than the absolute maximum rating to these high input impedance circuits. To assure normal 
operation, we recommended V in , V out ; Vss £ (V ln or V out ) £ V cc . 

ELECTRICAL CHARACTERISTICS 

DC CHARACTERISTICS (V C c = 5.0V ±10%, V^ = 0V, Ta = ~ +70°C. unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 




RES.STBY 


V,H 




V cc -0.5 


- 


Vcc+0.3 




Input "High" Voltage 


EXTAL 


V cc x0.7 


- 


V cc +0.3 


V 




Other Inputs 


2.0 


- 


Vcc+0.3 




Input "Low" Voltage 


All Inputs 


V,L 




-0.3 


- 


0.8 


V 


Output "High" Voltage 


All Outputs 


V H 


I oh = -200juA 


2.4 


- 


- 


V 


I O h = -10a«A 


Vcc-0.7 


- 


- 


Output "Low" Voltage 


All Outputs 


Vol 


l OL = 1.6mA 


- 


- 


0.55 


V 


Input Leakage Current 


TIMER, INT, 
D, ~D 7 ,STBY 


H.J 


Vin = 0.5~V cc -0.5 


- 


- 


1.0 


MA 


Three-state Current 


Ao ~ A7 , Bo ~ B7 , 

C ~ C 7 , ADR ~ ADR 13 \ 

E*,R/W* 


HtsiI 


- 


- 


1.0 


ma 




Operating 


Ice 


f=1MHz*** 


- 


5 


10 


mA 


Current Dissipation** 


Wait 


- 


2 


5 


mA 


Stop 


- 


2 


10 


MA 




Standby 


- 


2 


10 


ma 


Input Capacitance 


All Terminals 


Cin 


f = 1MHz, Vin = 0V 


- 


- 


12 


pF 



* Only at standby 
•• V| H min = Vcc-LOV, V| L max = 0.8V 
••* The value at f = xMHz is given by using. 
ICC <f = xMHz) = l cc (f = 1 MHz) xx 



• AC CHARACTERISTICS (V cc 


= 5.0V±10%,Vss = 0V, 


Ta = 


~ +70°C, unless otherwise noted.) 












Symbol 


Test 
Condition 


HD6305Y1/Y2 


HD63A05Y1/Y2 


HD63B05Y1/Y2 


Unit 




min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


Cycle Time 


t C y C 


Fig. 1 


1 


- 


10 


0.666 


- 


10 


0.5 


- 


10 


jus 


Enable Rise Time 


t E r 


- 


- 


20 


- 


- 


20 


— 


_ 


20 


ns 


Enable Fall Time 


t E f 


- 


- 


20 


- 


- 


20 


- 


- 


20 


ns 


Enable Pulse Width("High" Level) 


PW EH 


450 


- 


- 


300 


- 


- 


220 


- 


- 


ns 


Enable Pulse Width ("Low" Level) 


PW EL 


450 


- 


- 


300 


- 


- 


220 


- 


- 


ns 


Address Delay Time 


*AD 


- 


- 


250 


- 


- 


190 


- 


- 


TBD 


ns 


Address Hold Time 


'ah 


20 


- 


- 


20 


- 


- 


20 


- 


- 


ns 


Data Delay Time 


tow 


- 


- 


250 


- 


- 


160 


- 


- 


TBD 


ns 


Data Hold Time (Write) 


*HW 


20 


- 


- 


20 


- 


- 


20 


- 


- 


ns 


Data Set-up Time (Read) 


toSR 


80 


- 


- 


60 


- 


- 


TBD 


- 


- 


ns 


Data Hold Time (Read) 


tHR 





- 


- 





- 


- 





- 


- 


ns 



480 



HITACHI 



•HD6305Y1,HD6305Y2 



• PORT TIMING (V C c * 5.0V±10%, Vss = OV, Ta = ~ +70°C, unless otherwise noted.) 





Symbol 


Test 
Condition 


HD6305Y1/Y2 


HD63A05Y1/Y2 


HD63B05Y1/Y2 


Unit 




min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


Port Data Set-up Time 
(Port A, B, C, D) 


tpoS 


Fig. 2 


200 


- 


- 


200 


- 


- 


200 


- 


- 


ns 


Port Data Hold Time 
(Port A, B, C. D) 


tpDH 


200 


- 


- 


200 


- 


- 


200 


- 


- 


ns 


Port Data Delay Time 
(Port A, B, C) 


tpDW 


Fig. 3 


- 


- 


300 


- 


- 


300 


- 


- 


300 


ns 



• CONTROL SIGNAL TIMING (V cc = 5.0V 


±10%, Vss ■ 


= 0V, Ta = ~ 


+70°C, 


unless otherwise noted.) 








Item 


Symbol 


Test 
Condition 


HD6305Y1/Y2 


HD63A05Y1/Y2 


HD63B05Y1/Y2 


Unit 




min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


TNTPulse Width 


t|WL 




tcyc 

+250 


- 


- 


t c yc 

+200 


- 


- 


tcyc 
+200 


- 


- 


ns 


iNf 2 Pulse Width 


t IWL2 


tcyc 

+250 


- 


- 


tcyc 

+200 


- 


- 


tcyc 

+200 


- 


- 


ns 


RES Pulse Width 


tRWL 


5 


- 


- 


5 


- 


- 


5 


- 


- 


^cyc 


Control Set-up Time 


tcs 


Fig. 5 


250 


- 


- 


250 


- 


- 


250 


- 


- 


ns 


Timer Pulse Width 


tTWL 




tcyc 

+250 


- 


- 


tcyc 

+200 


- 


- 


t C yc 

+200 


- 


- 


ns 


Oscillation Start Time (Crystal) 


tosc 


Fig.5,Fig.20* 


- 


- 


20 


- 


- 


20 


- 


- 


20 


ms 


Reset Delay Time 


*RHL 


Fig. 19 


80 




- 


80 


- 


- 


80 


- 


- 


ms 



C L = 22pF ±20%, R s = 60J2 max. 



• SCI TIMING (Vcc = 5.0V±10%, Vss= 0V, Ta - ~ +70°C, unless otherwise noted.) 





Symbol 


Test 
Condition 


HD6305Y1/Y2 


HD63A05Y1/Y2 


HD63B05Y1/Y2 


Unit 




min 


typ 


max 


min 


typ 


max 


min 


typ 


max 




Clock Cycle 


tScyc 


Fig. 6, 
Fig. 7 


1 


- 


32768 


0.67 


- 


21845 


0.5 


- 


16384 


MS 


Data Output Delay Time 


*TXD 


- 


- 


250 


- 


- 


250 


- 


- 


250 


ns 


Data Set-up Time 


tSRX 


200 


- 


- 


200 


- 


- 


200 


- 


- 


ns 


Data HoldTime 


tHRX 


100 


- 


- 


100 


- 


- 


100 


- 


- 


ns 
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E 2.4V- 

0.6V- 



-PWel- 



-tAD- 



A0-A13 

R/W 



X 



4V 
.6V 



-PWeh- 



t E r 



Address Valid 



-tow - 



MCU Write 
Do~D 7 



MCU Read 
Do-D? 



Q 



4V Data 
6V Va,id 



-toSR" 



— t E , 



-t A H 



X 



-tHW 



Czov \ 
Data Valid ) 
QM / 



"tHR 



Figure 1 Bus Timing 



Port 
A,B.C.D 



2.4V- C 

7 .*POH_ 



"~\ L 20V Data Y 
-/ r 0.8V Valid -A 



\ 



V06V / 



-tpDW" 



Port 
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Figure 2 Port Data Set-up and Hold Times 
(MCU Read) 
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Figure5 Reset Timing 
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Figure6 SCI Timing (Internal Clock) 
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TTL Load 
(Port) 
Test point 
terminal O" 



Iol= 16mA 



Vcc 
2.4kQ 



4 1 90pF < 1 2kQ 



[NOTES] 1. The load capacitance includes stary capacitance caused 
by the probe, etc. 
2. All diodes are 1 S2074 (R) . 

Figure 8 Test Load 



■ DESCRIPTION OF TERMINAL FUNCTIONS 

The input and output signals of the MCU are described 
here. 

•Vcc. Vss 

Voltage is applied to the MCU through these two terminals. 

Vcc is 5.0V ± 10%, while Vss is grounded. 

• INT.iNTl 

External interrupt request i nputs to the MCU. For details, 
refer to "INTERRUPT". The INT 2 terminal is also used as 
the port D 6 terminal. 

• XTAL.EXTAL 

These terminals provide input to the on-chip clock circuit. 
A crystal oscillator (AT cut, 2.0 to 8.0 MHz) or ceramic 
filter is connected to the terminal. Refer to "INTERNAL 
OSCILLATOR" for using these input terminals. 



• TIMER 

This is an input terminal for event counter. 
"TIMER" for details. 



Refer to 



• RES 

Used to reset the MCU. Refer to "RESET" for details. 

• NUM 

This terminal is not for user application. In case of the 
HD6305Y1, this terminal should be connected to Vcc 
through 10k$2 resistance. In case of the HD6305Y2, this 
terminal should be connected to Vss • 

• Enable (E) 

This output terminal supplies E clock. Output is a single- 
phase, TTL compatible and 1/4 crystal oscillation frequency 
or 1/4 external clock frequency. It can drive one TTL load 
and a 90pF condenser. 

• Read/Write (R/W) 

This TTL compatible output signal indicates to peripheral 
and memory devices whether MCU is in Read ("High"), or 
in Write ("Low"). The normal standby state is Read ("High"). 
Its output can drive one TTL load and a 90pF condenser. 



• Data Bus (DATA ~ DATA,) 

This TTL compatible three-state buffer can drive one TTL 
load and 90pF. 

• Address Bus (ADR ~ ADR13) 

Each terminal is TTL compatible and can drive one TTL 
load and 90pF. 

• Input/Output Terminals (Ao ~ Ai, Bo ~ B7, Co ~ C 7 ) 

These 24 terminals consist of four,8-bit I/O ports (A, B, C). 
Each of them can be used as an input or output terminal on 
a bit through program control of the data direction register. 
For details, refer to "I/O PORTS." 

• Input Terminals (Di ~ D7 ) 

These seven input-only terminals are TTL or CM OS com- 
patible. Of the po rt D's , D« is also used as INT2 . If D6 is 
used as a port, the INT2 interrupt mask bit o f the miscellane- 
ous register must be set to "1" to prevent an INTi interrupt 
from being accidentally accepted. 



• STBY 

This termi nal is used to place the MCU into the standby 
mode. With STBY at "Low" level, the oscillation stops and 
the internal condition is reset. For details, refer to "Stand- 
by Mode." 

The terminals described in the following are I/O pins for 
serial communication interface (SCI). They are also used as 
ports C s , C 6 and C 7 . For details, refer to "SERIAL COM- 
MUNICATION INTERFACE." 

• CK(Cs) 

Used to input or output clocks for serial operation. 

• Rx(C6) 

Used to receive serial data. 

• Tx (C?) 

Used to transmit serial data. 



■ MEMORY MAP 

The memory map of the MCU is shown in Fig. 9. $0140 ~ 
S1FFF of the HD6305Y2 are external addresses. However, 
care should be taken to assign vector addresses to S1FF6 ~ 
$1FFF. During interrupt processing, the contents of the CPU 
registers are saved into the stack in the sequence shown in 
Fig. 10. This saving begins with the lower byte (PCL) of the 
program counter. Then the value of the stack pointer is 
decremented and the higher byte (PCH) of the program 
counter, index register (X), accumulator (A) and condition 
code register (CC) are stacked in that order. In a subroutine 
call, only the contents of the program counter (PCH and PCL) 
are stacked. 
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255 
256 



319 
320 



8182 



8191 
8192 



16383 



10 Ports 
Timer 
SCI 



RAM 

(192Bytes) 

Stack 



\ 



RAM 
(64Bytes) 



ROM* 
7,872Bytes) 



Interrupt ■ 
Vectors 



External 
Memory Space 



$0000 



$003F 
$0040 



$Q0FF 
$0100 



$013F 
$0140 




. 16 
$1FF6 \ 17 

S1FFF \18 
$2000 



TC5RTT 



PORT B 



PORTC 



PORT D 



PORT A DDR 



PORT B DDR 



PORT C DDR 

Not Used 



Timer Data Reg 



Timer CTRL Reg 
Misc Reg~ 



Not Used 



SCI CTRL Reg 



SCISTS Reg 



SCI Data Reg 



Not Used 



External 
Memory Space 



$00 

$01 

$02 

$03* 

$04' 

$05* 

$06* 

$08 
$09 
$0A 



$10 
$11 
$12 

$1F 

$20 

$3F 



$3FFF 



* Write only register 
* * Read only register 



h ROM are a ($0140 ~ $1 FFF) in the HD6305Y2 
is changed into External Memory Space. 



Figure 9 Memory Map of MCU 
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1 


1 


PCH* 


n 
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I 



* In a subroutine call, only PCL and PCH are stacked. 
Figure 10 Sequence of Interrupt Stacking 



■ REGISTERS 

There are five registers which the programmer can operate. 
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' Carry/ 
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Zero 



- Negative 



-Interrupt 
Mask 
Half 
Carry 



Figure 1 1 Programming Model 



• Accumulator (A) 

This accumulator is an ordinary 8-bit register which holds 
operands or the result of arithmetic operation or data process- 
ing. 

• Index Register (X) 

The index register is an 8-bit register, and is used for index 
addressing mode. Each of the addresses contained in the 
register consists of 8 bits which, combined with an offset 
value, provides an effective address. 

In the case of a read/modify/write instruction, the index 
register can be used like an accumulator to hold operation 
data or the result of operation. 

If not used in the index addressing mode, the register can 
be used to store data temporarily. 

• Program Counter (PC) 

The program counter is a 14-bit register that contains the 
address of the next instruction to be executed. 

• Stack Pointer (SP) 

The stack pointer is a 14-bit register that indicates the ad- 
dress of the next stacking space. Just after reset, the stack 
pointer is set at address SOOFF. It is decremented when data 
is pushed, and incremented when pulled. The upper 8 bits 
of the stack pointer are fixed to 0000001 1. During the MCU 
being reset or during a reset stack pointer (RSP) instruction, 
the pointer is set to address SOOFF. Since a subroutine or 
interrupt can use space up to address S00C1 for stacking, the 
subroutine can be used up to 31 levels and the interrupt up 
to 12 levels. 

• Condition Code Register (CO 

The condition code register is a 5-bit register, each bit 
indicating the result of the instruction just executed. The 
bits can be individually tested by conditional branch instruc- 
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tions. The CC bits are as follows: 



Half Carry (H): 
Interrupt (I): 



Negative (N): 



Zero (Z): 



Carry/ 
Borrow (C): 



I INTERRUPT 



Used to indicate that a carry occurred be- 
tween bits 3 and 4 during an arithmetic oper- 
ation (ADD, ADC). 

Setting this bit causes all interrupts, except 
a software interrupt, to be masked. If an 
interrupt occurs with the bit I set, it is 
latched. It will be processed the instant 
the interrupt mask bit is reset. (More specifi- 
cally, it will enter the interrupt processing 
routine after the instruction following the 
CLI has been executed.) 
Used to indicate that the result of the most 
recent arithmetic operation, logical operation 
or data processing is negative (bit 7 is logic 
"1"). 

Used to indicate that the result of the most 
recent arithmetic operation, logical operation 
or data processing is zero. 
Represents a carry or borrow that occurred 
in the most recent arithmetic operation. This 
bit is also affected by the Bit Test and Branch 
instruction and a Rotate instruction. 



Of these six interrupts, the INT2 and TIMER or the SCI 
and TIMER2 generate the same vector address, respectively. 

When an interrupt occurs, the program in progress stops 
and the then CPU status is saved onto the stack. And then, 
the interrupt mask bit (I) of the condition code register is 
set and the start address of the interrupt processing routine 
is obtained from a particular interrupt vector address. Then 
the interrupt routine starts from the start address. System 
can exit from the interrupt routine by an RTI instruction. 
When this instruction is executed, the CPU status before 
the interrupt (saved onto the stack) is pulled and the CPU 
restarts the sequence with the instruction next to the one at 
which the interrupt occurred. Table 1 lists the priority of 
interrupts and their vector addresses. 

Table 1 Priority of Interrupts 



MTERRUPT 

Ther e are si x dif ferent types of interrupt: external inter- 
rupts (INT, INT2), internal timer interrupts (TIMER, 
TIMER2), serial interrupt (SCI) and interrupt by an instruc- 
tion (SWI). 



Interrupt 


Priority 


Vector Address 


RES 


1 


$1FFE, $1FFF 


SWI 


2 


$1FFC, $1FFD 


INT 


3 


$1FFA, $1FFB 


TIMER/INT2 


4 


$1FF8, $1FF9 


SCI/TIMER2 


5 


$1FF6, $1FF7 



A flowchart of the interrupt sequence is shown in Fig. 12. 
A block diagram of the interrupt request source is shown in 
Fig. 13. 
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Figure 12 Interrupt Flow Chart 

HITACHI 



-HD6305Y1,HD6305Y2 



In the block diagram, both the external interrupts INT and 

INT2 are edge trigger inputs. At the falling edge of each input, 
an interrupt request is generated and latched. The INT inter- 
rupt request is automatically cleared if jumping is made to 
the INT processing routine. Meanwhile, the INT2 request is 
cleared if "0" is written in bit 7 o f the miscell aneous register. 

For the external interrupts (INT, 1NT2), internal timer 
interrupts (TIMER, TIMER2) and serial interrupt (SCI), each 
interrupt request is held, but not processed, if the I bit of the 
condition code register is set. Immediately after the I bit is 
cleared, the corresponding interrupt processing starts accord- 
ing to t he pri ority. 

The INT2 interrupt can be masked by setting bit 6 of the 
miscellaneous register; the TIMER interrupt by setting bit 6 
of the timer control register; the SCI interrupt by setting bit 
5 of the serial status register; and the TIMER2 interrupt by 
setting bit 4 of the se rial st atus register. 

The status of the I NT t erminal can be tested by a BIL or 
BIH instruction. The INT falling edge detector circuit and 
its latching circuit are independent of testin g by t hese instruc- 
tions. This is also true with the status of the INT2 terminal. 

• Miscellaneous Register (MR; $000A) 

The interrupt vector address for the external interrupt 
INT2 is the same as that for the TIMER interrupt, as shown 
in Table 1 . For this reason, a special register called the miscel- 
laneous register (MR; S000A) is available to control the 
INT2 interrupts. 



Bit 7 of this register is the INT2 int errup t request flag. 
When the falling edge is detected at the INT2 terminal, "1" 
is set in bit 7. Then the software in the interrupt routine 
(v ector addresses: $1FF8, $1FF9) checks bit 7 to see if it 
is INT2 interrupt. Bit 7 can be reset by software. 

Miscellaneous Register (MR;$000A) 
7 6 5 4 3 2 10 




INT2 Interrupt Mask 

INT2 Interrupt Request Flag 



Bit 6 i s the INT 2 interrupt mask bit. If this bit is set to "1", 
then the INT2 interrupt is disabled. Both read and write are 
possible with bit 7 but "1" cannot be written in this bit by 
software. This means that an interrupt request by software 
is impossible. 

When reset, bit 7 is cleared to "0" and bit 6 is set to "1". 

■ TIMER 

Figure 14 shows a MCU timer block diagram. The timer 

data register is loaded by software and, upon receipt of a 

clock input, begins to count down. When the timer data 



BIH/BIL Test 
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$1FFA, $1FFB 
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INT 
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TIMER 



Interrupt Control 
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Vectoring generated 
$1FF8. $1FF9 



Serial Status 
Register (SSR) 

SCI/TIMER2 I SSR 7 |SSR6|SSRS|SSR4| ,,.... 



^!DO 



S*> 



Vectoring generated 
$1FF6. $1FF7 



SCI 



Figure 13 Interrupt Request Generation Circuitry 
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register (TDR) becomes "0", the timer interrupt request 
bit (bit 7) in the timer control register is set. In response to 
the interrupt request, the CPU saves its status into the stack 
and fetches timer interrupt routine address from addresses 
S1FF8 and S1FF9 and execute the interrupt routine. The 
timer interrupt can be masked by setting the timer interrupt 
mask bit (bit 6) in the timer control register. The mask bit 
(I) in the condition code register can also mask the timer 
interrupt. 

The source clock to the timer can be either an external 
signal from the timer input terminal or the internal E signal 
(the oscillator clock divided by 4). If the E signal is used as 
the source, the clock input can be gated by the input to the 
timer input terminal. 

Once the timer count has reached "0", it starts counting 
down with "$FF". The count can be monitored whenever 
desired by reading the timer data register. This permits the 
program to know the length of time having passed after the 
occurrence of a timer interrupt, without disturbing the con- 
tents of the counter. 

When the MCU is reset, both the prescaler and counter are 
initialized to logic "1". The timer interrupt request bit 
(bit 7) then is cleared and the timer interrupt mask bit (bit 
6) is set. 

To clear the timer interrupt request bit (bit 7), it is neces- 
sary to write "0" in that bit. 



TCR7 


Timer interrupt request 





Absent 


1 


Present 




TCR6 


Timer interrupt mask 





Enabled 


1 


Disabled 



• Timer Control Register (TCR; $0009) 

Selection of a clock source, selection of a prescaler fre- 
quency division ratio, and a timer interrupt can be controlled 
by the timer control register (TCR; $0009). 

For the selection of a clock source, any one of the four 
modes (see Table 2) can be selected by bits 5 and 4 of the 
timer control register (TCR). 

Timer Control Register (TCR; $0009) 
7 6 5 4 3 2 1 O 



TCR7 TCR6 TCR5 



TCR4 



TCR3 



*— Prescaler division ratio selection 
-Prescaler initialize 
Clock input source 



• Tinier interrupt mask 
— Timer interrupt request 



After reset, the TCR is initialized to "E under timer termi- 
nal control" (bit 5 = 0, bit 4 = 1). If the timer terminal is 
"1", the counter starts counting down with "$FF" immediate- 
ly after reset. 

When "1" is written in bit 3, the prescaler is initialized. 
This bit always shows "0" when read. 

Table 2 Clock Source Selection 



TCR 


Clock input source 


Bit 5 


Bit 4 








Internal clock E 





1 


E under timer terminal control 


1 





No clock input (counting stopped) 


1 


1 


Event input from timer terminal 



(Internal 
Clock) 
E " 



t> 



e> 



TIMER 

Input 

Terminal 



Clock Input 
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Figure 14 Timer Block Diagram 
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A prescaler division ratio is selected by the combination of 
three bits (bits 0, 1 and 2) of the timer control register (see 
Table 3). There are eight different division ratios: -H, v2, -^4, 
^-8, -H6, *32, 4-64 and -H28. After reset, the TCR is set to the 
-H mode. 

Table 3 Prescaler Division Ratio Selection 



TCR 




Bit 2 


Bit 1 


BitO 


Prescaler division ratio 











■i-1 








1 


-^2 





r 





•r-4 





1 


1 


-^8 


1 








-M6 


1 





1 


-^32 


1 


1 





■J64 


1 


1 


1 


-H28 



A timer interrupt is enabled when the timer interrupt mask 
bit is "0", and disabled when the bit is "1". When a timer 
interrupt occurs, "1" is set in the timer interrupt request bit. 
This bit can be cleared by writing "0" in that bit. 

■ SERIAL COMMUNICATION INTERFACE (SCI) 

This interface is used for serial transmission or reception 
of 8-bit data. Sixteen transfer rates are available in the range 
from 1 us to approx. 32 ms (for oscillation at 4 MHz). 

The SCI consists of three registers, one eighth counter and 
one prescaler. (See Fig. 15.) SCI communicates with the CPU 
via the data bus, and with the outside world through bits 5 , 
6 and 7 of port C. Described below are the operations of 
each register and data transfer. 

•SCI Control Register (SCR; $0010) 



7 


6 


5 


4 


3 


2 


1 





SCR7 SCR6 SCR5 SCR4 SCR3 SCR2 
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SCRO 



_ J^ 



C 5 (CK) 



Ce(Rx) 



C 7 (Tx) 



SCI Control Registers (SCR; $0010) 



SCR7 



SCR6 
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SCR4 
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SCR2 



SCR1 



SCRO 



SCI Data Registers 
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MSB 



4 3 



Eighth 
Counter 
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7 I 6 5 



SSR7 



SSR6 



f 



SSR5 



SSR4 
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Figure 15 SCI Block Diagram 
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SCR7 


C 7 terminal 





Used as I/O terminal (by DDR). 


1 


Serial data output (DDR output) 




SCR6 


C6 terminal 





Used as I/O terminal (by DDR). 


1 


Serial data input (DDR input) 




SCR5 


SCR4 


Clock source 


C s terminal 








- 


Used as I/O terminal (by 





1 


- 


DDR). 


1 





Internal 


Clock output (DDR output) 


1 


1 


External 


Clock input (DDR input) 



Bit 7 (SCR7) 

When this bit is set, the DDR corresponding to the C 7 
becomes "1" and this terminal serves for output of SCI data. 
After reset, the bit is cleared to "0". 

Bit 6 (SCR6) 

When this bit is set, the DDR corresponding to the C 6 
becomes "0" and this terminal serves for input of SCI data. 
After reset, the bit is cleared to "0". 

Bits5and4(SCR5,SCR4) 

These bits are used to select a clock source. After reset, 
the bits are cleared to "0". 

Bits 3 ~ 0(SCR3~SCR0) 

These bits are used to select a transfer clock rate. After 
reset, the bits are cleared to "0". 



SCR3 


SCR2 


SCR1 


SCR0 


Transfer clock rate 


4.00 MHz 


4.194 MHz 














1 Hi 


0.95 /is 











1 


2 /is 


1.91 jus 








1 





4/js 


3.82 us 








1 


1 


8 ms 


7.64 us 


1 


1 


1 


1 


32768 ms 


1/32 s 



•SCI Data Register (SDR; $0012) 

A serial-parallel conversion register that is used for transfer 
of data. 

•SCI Status Register (SSR;$0011) 

7 6 5 4 3 



SSR7 



5SR6 



SSR5 



SSR4 



SSR3 



M>®3 



Bit 7 (SSR7) 

Bit 7 is the SCI interrupt request bit which is set upon 
completion of transmitting or receiving 8-bit data. It is 
cleared when reset or data is written to or read from the 
SCI data register with the SCR5="1". The bit can also be 
cleared by writing "0" in it. 

Bit 6 (SSR6) 

Bit 6 is the TIMER2 interrupt request bit. TIMER 2 is used 
commonly with the serial clock generator, and SSR6 is set 
each time the internal transfer clock falls. When reset, the 
bit is cleared. It also be cleared by writing "0" in it. (For 
details, see TIMER 2 .) 

Bit 5 (SSR5) 

Bit 5 is the SCI interrupt mask bit which can be set or 
cleared by software. When it is "1", the SCI interrupt (SSR7) 
is masked. When reset, it is set to "1". 

Bit 4 (SSR4) 

Bit 4 is the TIMER 2 interrupt mask bit which can be set 
or cleared by software. When the bit is "1", the TIMER 2 
interrupt (SSR6) is masked. When reset, it is set to "1". 

Bit 3 (SSR3) 

When "1" is written in this bit, the prescaler of the transfer 
clock generator is initialized. When read, the bit always is "0". 

Bits 2 ~ 
Not used. 



SSR7 


SCI interrupt request 





Absent 


1 


Present 




SSR6 


TIMER2 interrupt request 





Absent 


1 


Present 




SSR5 


SCI interrupt mask 





Enabled 


1 


Disabled 




SSR4 


TIMERj interrupt mask 





Enabled 


1 


Disabled 



• Data Transmission 

By writing the desired control bits into the SCI control 
registers, a transfer rate and a source of transfer clock are 
determined and bits 7 and 5 of port C are set at the serial 
data output terminal and the serial clock terminal, respec- 
tively. The transmit data should be stored from the accumu- 
lator or index register into the SCI data register. The data 
written in the SCI data register is output from the C 7 /Tx 
terminal, starting with the LSB, synchronously with the 
falling edge of the serial clock. (See Fig. 16.) When 8 bit of 
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data have been transmitted, the interrupt request bit is set in 
bit 7 of the SCI status register with the rising edge of the last 
serial clock. This request can be masked by setting bit 5 of the 
SCI status register. Once the data has been sent, the 8th bit 
data (MSB) stays at the C7/TX terminal. If an external clock 
source has been selected, the transfer rate determined by 
bits ~ 3 of the SCI control register is ignored, and the Cs/ 
CK terminal is set as input. If the internal clock has been 
selected, the Cs/CK terminal is set as output and clocks are 
output at the transfer rate selected by bits ~ 3 of the SCI 
control register. 
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Figure 16 SCI Timing Chart 

• Data Reception 

By writing the desired control bits into the SCI control 
register, a transfer rate and a source of transfer clock are de- 
termined and bit 6 and 5 of port C are set at the serial data 
input terminal and the serial clock terminal, respectively. 
Then dummy-writing or -reading the SCI data register, the 
system is ready for receiving data. (This procedure is not 
needed after reading subsequent received data. It must be taken 
after reset and after not reading subsequent received data.) 

The data from the C 6 /Rx terminal is input to the SCI 
data register synchronously with the rising edge of the 
serial clock (see Fig. 16). When 8 bits of data have been re- 
ceived, the interrupt request bit is set in bit 7 of the SCI 
status register. This request can be masked by setting bit 5 
of the SCI status register. If an external clock source have been 
selected, the transfer rate determined by bits ~ 3 of the SCI 
control register is ignored and the data is received synchro- 
nously with the clock from the C 5 /CK terminal. If the internal 
clock has been selected, the C S /CK terminal is set as output 
and clocks are output at the transfer rate selected by bits ~ 
3 of the SCI control register. 

• TIMER2 

The SCI transfer clock generator can be used as a timer. 
The clock selected by bits 3 ~ of the SCI control register 
(4 jus ~ approx. 32 ms (for oscillation at 4 MHz)) is input to 
bit 6 of the SCI status register and the TIMER2 interrupt 
request bit is set at each falling edge of the clock. Since inter- 
rupt requests occur periodically, TIMER2 can be used as a 
reload counter or clock. 
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®(D 

1_ 



® 



Transfer clock generator is reset and mask bit (bit 4 

of SCI status register) is cleared. 
(2), (J) :TIMER2 interrupt request 
(D,® .TIMER2 interrupt request bit cleared 



TIMER2 is commonly used with the SCI transfer clock 
generator. If wanting to use TIMER* independently of the 
SCI, specify "External" (SCR5 = 1, SCR4 = 1) as the SCI 
clock source. 

If "Internal" is selected as the clock source, reading or 
writing the SDR causes the • prescaler of the transfer clock 
generator to be initialized. 

■I/O PORTS 

There are 24 input/output terminals (ports A, B, C). Each 
I/O terminal can be selected for either input or output by the 
data direction register. More specifically, an I/O port will 
be input if "0" is written in the data direction register, and 
output if "1" is written in the data direction register. Port A, 
B or C reads latched data if it has been programmed as output, 
even with the output level being fluctuated by the output 
load. (See Fig. 17.) 

When reset, the data direction register and data register go 
to "0" and all the input/output terminals are used as input. 




Bit of data 
direction 
register 


Bitot 

output 

data 


Status of 
output 


Input to 
CPU 
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3-state 


Pin 



Figure 17 Input/Output Port Diagram 

Seven input-only terminals are available (port D). Writing 
to an input terminal is invalid. 

All input/output terminals and input terminals are TTL 
compatible and CMOS compatible in respect of both input and 
output. 

If I/O ports or input ports are not used, they should be 
connected to Vss via resistors. With none connected to these 
terminals, there is the possibility of power being consumed 
despite that they are not used. 

■RESET 

The MCU can be reset either by external reset input (RES) 
or power-on reset. (See Fig. 18.) On power up, the reset 
input must be held "Low" for at least t Q sc to assure that the 
internal oscillator is stabilized. A sufficient tim e of d elay can 
be obtained by connecting a capacitance to the RES input as 
shown in Fig. 19. 
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Figure 18 Power On and Reset Timing 



requirement for minimum external configurations. It can be 
driven by connecting a crystal (AT cut 2.0 ~ 8.0MHz) or 
ceramic oscillator between pins 5 and 6 depending on the re- 
quired oscillation frequency stability. 

Three different terminal connections are shown in Fig. 20. 
Figs. 21 and 22 illustrate the specifications and typical arrange- 
ment of the crystal, respectively. 
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Figure 21 Parameters of Crystal 
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Figure 19 Input Reset Delay Circuit 



■ INTERNAL OSCILLATOR 

The internal oscillator circuit is designed to meet the 
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External Clock Drive 
Figure 20 Internal Oscillator Circuit 





Crystal 



[NOTE] Use as short wirings as possible for connection of the crystal 
with the EXTAL and XTAL terminals. Do not allow these 
wirings to cross others. 

Figure 22 Typical Crystal Arrangement 



■ LOW POWER DISSIPATION MODE 

The HD6305Y has three low power dissipation modes: 
wait, stop and standby. 

> Wait Mode 

When WAIT instruction being executed, the MCU enters 
into the wait mode. In this mode, the oscillator stays active 
but the internal clock stops. The CPU stops but the peripheral 
functions — the timer and tne serial communication inter- 
face - stay active. (NOTE: Once the system has entered the 
wait mode, the serial communication interface can no longer 
be retriggered.) In the wait mode, the registers, RAM and I/O 
terminals hold their condition just before entering into the 
wait mode. 

The escape from this mode can be d one by inte rrupt (INT, 
TIMER/INT2 or SCI/TIM ER2), RES or STBY. The RES 
resets the MCU and the STBY brings it into the standby 
mode. (This will be mentioned later.) 

When interrupt is requested to the CPU and accepted, the 
wait mode escapes, then the CPU is brought to the operation 
mode and vectors to the interrupt routine. If the interrupt is 
masked by the I bit of the condition code register, after releas- 
ing from the wait mode the MCU executes the i nstru ction 
next to the W AIT. If an interrupt other than the INT (i.e., 
TIMER/INT2 or SCI/TIMER2) is masked by the timer control 
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register, miscellaneous register or serial status register, there 
is no interrupt request to the CPU, so the wait mode cannot 
be released. 

Fig. 23 shows a flowchart for the wait function. 

• Stop Mode 

When STOP instruction being executed, MCU enters into 
the stop mode. In this mode, the oscillator stops and the GPU 
and peripheral functions become inactive but the RAM, 
registers and I/O terminals hold their condition just before 
entering into the stop mode. 

The esc ape fro m th is mode c an be done by a n external 
interrupt (IN T or IN Ti), RES or STBY. The RES resets the 
MCU and the STBY brings into the standby mode. 

When interrupt is requested to the CPU and accepted, 
the stop mode escapes, then the CPU is brought to the opera- 
tion mode and vectors to the interrupt routine. If the inter- 
rupt is masked by the I bit of the condition code register, 
after releasing from the stop mode , the MCU executes the 
instruction next to the STOP. If the INT2 interrupt is masked 
by the miscellaneous register, there is no interrupt request to 
the MCU, so the stop mode cannot be released. 



Fig. 24 shows a flowchart for the stop function. Fig. 25 
shows a timing chart of return to the operation mode from 
the stop mode. 

For releasing from the stop mode by an interrupt, oscilla- 
tion starts upon input of the interrupt and, after the internal 
delay time for sta bilize d oscillation, the CPU becomes active. 
For restarting by RES, oscillation start s when the RES goes 
"0" an d the CPU restarts when the RES goes "1". The dura- 
tion of RES="0" must exceed 30 ins to assure stabilized oscil- 
lation. 

• Standby Mode 



The MCU enters into the standby mode when the STBY 
terminal goes "Low". In this mode, all operations stop and 
the internal condition is reset but the contents of the RAM are 
hold. The I/O terminals turn to high- impedance state. The 
standby mode should escape by bringing STBY "High". The 
CPU must be r estarte d by reset. The timing of input signals 
at the RES and STBY terminals is shown in Fig. 26. 

Table 4 lists the status of each parts of the MCU in each 
low power dissipation modes. Transitions between each mode 
are shown in Fig. 27. 
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Figure 23 Wait Mode Flow Chart 
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Figure 24 Stop Mode Flow Chart 
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Figure 25 Timing Chart of Releasing from Stop Mode 



| Reset 
i start 



STBY 



RES 



U-.1--1.. 



Restart 



Figure 26 Timing Chart of Releasing from Standby Mode 



Table 4 Status of Each Part of MCU in Low Power Dissipation Modes 
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Figure 27 



Transitions among Active Mode, Wait Mode, 
Stop Mode, Standby Mode and Reset 



■BIT MANIPULATION 

The MCU can use a single instruction (BSET or BCLR) to 
set or clear one bit of the RAM within page or an I/O port 
(except the write-only registers such as the data direction 
register). Every bit of memory or I/O within page ($00 ~ 
$FF) can be tested by the BRSET or BRCLR instruction; 
depending on the result of the test, the program can branch to 
required destinations. Since bits in the RAM on page 0, or I/O 
can be manipulated, the user may use a bit within the RAM on 
page as a flag or handle a single I/O bit as an independent 
I/O terminal. Fig. 28 shows an example of bit manipulation 
and the validity of test instructions. In the example, the pro- 
gram is configured assuming that bit of port A is connected 
to a zero cross detector circuit and bit 1 of the same port to 
the trigger of a triac. 

The program shown can activate the triac within a time of 
lOjus from zero-crossing through the use of only 7 bytes on 
the ROM. The on-chip timer provides a required time of 
delay and pulse width modulation of power is also possible. 

SELF 1. BRCLR 0, PORT A, SELF 1 
BSET 1 , PORT A 
BCLR 1 , PORT A 

Figure 28 Example of Bit Manipulation 

■ADDRESSING MODES 

Ten different addressing modes are available to the MCU. 

• Immediate 

See Fig. 29. The immediate addressing mode provides 
access to a constant which does not vary during execution of 
the program. 

This access requires an instruction length of 2 bytes. The 



effective address (EA) is PC and the operand is fetched from 
the byte that follows the operation code. 

• Direct 

See Fig. 30. In the direct addressing mode, the address of 
the operand is contained in the 2nd byte of the instruction. 
The user can gain direct access to memory up to the lower 
255th address. 192 byte RAM and I/O registers are on page 
of address space so that the direct addressing mode may be 
utilized. 

• Extended 

See Fig. 3 1 . The extended addressing is used for referenc- 
ing to all addresses of memory. The EA is the contents of 
the 2 bytes that follow the operation code. An extended 
addressing instruction requires a length of 3 bytes. 

• Relative 

See Fig. 32. The relative addressing mode is used with 
branch instructions only. When a branch occurs, the program 
counter is loaded with the contents of the byte following the 
operation code. EA = (PC) + 2 + Rel., where Rel. indicates a 
signed 8-bit data following the operation code. If no branch 
occurs, Rel. = 0. When a branch occurs, the program jumps 
to any byte in the range +129 to -127. A branch instruction 
requires a length of 2 bytes. 

• Indexed (No Offset) 

See Fig. 33. The indexed addressing mode allows access 
up to the lower 255th address of memory. In this mode, an 
instruction requires a length of one byte. The EA is the 
contents of the index register. 
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• Indexed (8-bit Offset) 

See Fig. 34. The EA is the contents of the byte follow- 
ing the operation code, plus the contents of the index register. 
This mode allows access up to the lower 5 1 1 th address of 
memory. Each instruction when used in the index addressing 
mode (8-bit offset) requires a length of 2 bytes. 

• Indexed (16-bit Offset) 

See Fig. 35. The contents of the 2 bytes following the 
operation code are added to content of the index register 
to compute the value of EA. In this mode, the complete 
memory can be accessed. When used in the indexed address- 
ing mode (16-bit offset), an instruction must be 3 bytes long. 

• Bit Set/Clear 

See Fig. 36. This addressing mode is applied to the BSET 
and BCLR instructions that can set or clear any bit on page 
0. The lower 3 bits of the operation code specify the bit to 
be set or cleared. The byte that follows the operation code 
indicates an address within page 0. 



• Bit Test and Branch 

See Fig. 37. This addressing mode is applied to the BRSET 
and BRCLR instructions that can test any bit within page 
and can be branched in the relative addressing mode. The 
byte to be tested is addressed depending on the contents of 
the byte following the operation code. Individual bits within 
the byte to be tested are specified by the lower 3 bits of the 
operation code. The 3rd byte represents a relative value which 
will be added to the program counter when a branch condition 
is established. Each of these instructions should be 3 bytes 
long. The value of the test bit is written in the carry bit of the 
condition code register. 

• Implied 

See Fig. 38. This mode involves no EA. All information 
needed for execution of an instruction is contained in the 
operation code. Direct manipulation on the accumulator 
and index register is included in the implied addressing mode. 
Other instructions such as SWI and RTI are also used in this 
mode. All instructions used in the implied addressing mode 
should have a length of one byte. 
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Figure 29 Example of Immediate Addressing 
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Figure 30 Example of Direct Addressing 
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Figure 31 Example of Extended Addressing 
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Figure 32 Example of Relative Addressing 
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Figure 33 Example of Indexed (No Offset) Addressing 
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Figure 34 Example of Index (8-bit Offset) Addressing 
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Figure 35 Example of Index (16-bit Offset) Addressing 
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Figure 36 Example of Bit Set/Clear Addressing 
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Figure 37 Example of Bit Test and Branch Addressing 
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Figure 38 Example of Implied Addressing 



■ INSTRUCTION SET 

There are 62 basic instructions available to the HD6305Y 
MCU. They can be classified into five categories: register/ 
memory, read/modify /write, branch, bit manipulation, and 
control. The details of each instruction are described in 
Tables 5 through 11. 

• Register/Memory Instructions 

Most of these instructions use two operands. One operand 
is either an accumulator or index register. The other is derived 
from memory using one of the addressing modes used on the 
HD6305Y MCU. There is no register operand in the uncon- 
ditional jump instruction (JMP) and the subroutine jump 
instruction (JSR). See Table 5. 

• Read/Modify/Write Instructions 

These instructions read a memory or register, then modify 
or test its contents, and write the modified value into the 
memory or register. Zero test instruction (TST) does not 
write data, and is handled as an exception in the read/modify/ 
write group. See Table 6. 



• Branch Instructions 

A branch instruction branches from the program sequence 
in progress if a particular condition is established. See Table 7. 

• Bit Manipulation Instructions 

These instructions can be used with any bit located up to 
the lower 255th address of memory. Two groups are available; 
one for setting or clearing and the other for bit testing and 
branching. See Table 8. 

• Control Instructions 

The control instructions control the operation of the MCU 
which is executing a program. See Table 9. 

• List of Instructions in Alphabetical Order 

Table 10 lists all the instructions used on the HD6305Y 
MCU in the alphabetical order. 

• Operation Code Map 

Table 1 1 shows the operation code map for the instructions 
used on the MCU. 
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Table 5 


Register/Memory 


Instructions 




















Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic 
Operation 




Operations 


Immediate 


Direct 


Extended 


Indexed 
(No Offset) 


Indexed 
(8-Bit Offset) 


Indexed 
(16-Bit Offset! 


Condition 
Code 




OP 


s 


- 


OP 


8 


- 


OP | 8 


~ 


OP 


8 


- 


OP 


8 


- 


OP 


8 


- 


H 


1 


N 


Z 


c 


Load A from Memory 


LDA 


A6 


2 


2 


B6 


2 


3 


C6 


3 


4 


F6 


1 


3 


E6 


2 


4 


D6 


3 


S 


M-A 


. 






'■ 


• 


Load X from Memory 


LDX 


AE 


2 


2 


BE 


2 


3 


XE 


3 


4 


FE 


1 


3 


EE 


2 


4 


DE 


3 


5 


M-X 


• 




* 




• 


Store A in Memory 


STA 








B7 


2 


3 


C7 


3 


4 


F7 


1 


4 


E7 


2 


4 


D7 


3 


5 


A-M 


• 








• 


Store X in Memory 


STX 








BF 


2 


3 


CF 


3 


4 


FF 


1 


4 


EF 


2 


4 


DF 


3 


5 


X-M 


• 








• 


Add Memory to A 


ADD 


AB 


2 


2 


B8 


2 


3 


CB 


3 


4 


FB 


1 


3 


EB 


2 


4 


DB 


3 


5 


A + M-A 












Add Memory and Carry 
to A 


ADC 


A9 


2 


2 


B9 


2 


3 


C9, 


3 


4 


F9 


1 


3 


E9 


2 


4 


D9 


3 


5 


A+M+C-A 


• 


•^ 


-'-1 


T" 




Subtract Memory 


SUB 


AO 


2 


2 


BO 


2 


3 


CO 


3 


4 


FO 


1 


3 


EO 


2 


4 


DO 


3 


5 


A-M-A 




Subtract Mefnory from 
A with Borrow 


SBC 


A2 


2 


2 


B2 


2 


3 


C2 


3 


4 


F2 


1 


3 


E2 


2 


4 


D2 


3 


5 


A-M-C-A 


• 




,, 






ANO Memory to A 


AND 


A4 


2 


2 


B4 


2 


3 


C4 


3 


4 


F4 


1 


3 


E4 


2 


4 


D4 


3 


5 


A -M-A 


• 




' 




• 


OR Memory with A 


ORA 


AA 


2 


2 


BA 


2 


3 


CA 


3 


4 


FA 


1 


3 


EA 


2 


4 


DA 


3 


5 


A+M-A 


• 








• 


Exclusive OR Memory 
with A 


EOR 


A8 


2 


2 


B8 


2 


3 


C8 


3 


4 


F8 


1 


3 


E8 


2 


4 


D8 


3 


5 


A+M-A 


• 








• 


Arithmetic Compare A 
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CMP 


,A1 


2 
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B1 


2 


3 


CI 


3 


4 


F1 


1 


3 


El 


2 


4 


D1 


3 


S 


A-M 


• 










Arithmetic Compare X 
with Memory 


CPX 


A3 


2 


2 


B3 


2 


3 


C3 


3 


4 


F3 


1 


3 


E3 


2 


4 


M 


3 


5 


X-M 


• 




,. 






Bit Test Memory with 
A (Logical Compare) 


BIT 


A5 


2 


2 


BS 


2 


3 


C5 


3 


4 


F5 


.1 


3 


E5 


2 


4 


D5 


3 


S 


AM 


• 




A 




• 


Jump Unconditional 


JMP 








BC 


2 


2 


fee 


3 


3 


FC 


1 


2 


EC 


2 


3 


DC 


3 


4 














Jump to Subroutine 


JSR 








BD 


2 


5 


CD 


3 


6 


FD 


1 


5 


ED 


2 


S 


DD 


3 


6 















Symbols: Op- Operation 
# - Number of 
~ ■ Number of 



bytes 
cycles 



Table 6 Read/Modify/Write Instructions 





Mnemonic 


Addressing Modes 


Boolean/Arithmetic Operation 












Operations 


Implied(A) 


Implied(X) 


Direct 


Indexed 
(No Offset) 


Indexed 
(8-Bit Offset) 


Condition 
Code 




OP 


8 


- 


OP 


«l- 


OP 


8 


- 


OP 


8 


- 


OP 


8 


- 


H 


1 


N 


z 


c 


Increment 


INC 


4C 


1 


2 


5C 


1 


2 


3C 1 


2 


5 


7C 


1 


5 


6C 


2 


6 


A + 1— Aor X + 1-Xor M + 1— M 




• 


A 


A 


• 


Decrement 


DEC 


4A 


1 


2 


SA 


1 


2 


3A 


2 


5 


7A 


1 


5 


6A 


2 


6 


A-1-Aor X-1-Xor M-1-M 




• 


A 


A 


• 


Clear 


CLR 


4F 


1 


2 


5F 


1 


2' 


3F 


2 


5 


7F 


1 


5 


6F 


2 


6 


00 -A or 00-X or 00-M 




• 





1 


• 


Complement 


COM 


43 


1 


2 


53 


1 


2 


33 


2 


5 


73 


1 


5 


63 


2 


6 


A-A or X-X or M-M 




• 


A 


•* 


1 


Negate 

(2's Complement) 


NEG 


40 


1 


2 


SO 


1 


2 


30 


2 


5 


70 


1 


5 


60 


2 


6 


00-A-A or 00-X-X 
or 00-M-M 




• 


A 


A 


A 




ROL 


49 


1 


2 


59 


1 


2 


39 


2 


5 


79 


1 


5 


69 


2 


6 






• 


A 


- 




Rotate Left Thru Carry 


[ C b, Ao-*o.M bo 1 




U W 1 1 1 1 II 1 M 




Rotate Right Thru Carry 


ROR 


46 


1 


2 


56 


1 


2 


36 


2 


S 


76 


1 


5 


66 


2 


6 






• 


A 


A 




4cH 1 UU-M 1 M 






LSL 


48 


1 


2 


58 


1 


2 


38 


2 


5 


78 


1 


5 


68 


2 


6 


C b, bo 




• 


A 


A 




Logical Shift Left 


1 H 1 *■<*>«<* 1 1 r— ° 


A 




LSR 


44 


1 


2 


54 


1 


2 


34 


2 


5 


74 


1 


5 


64 


2 


6 






• 





A 






b> ~ bo C 




Logical Shift Right 


•4 1 UVxVmI 1 H 1 


A 




ASR 


47 


1 


2 


57 


1 


2 


37 


2 


5 


77 


1 


5 


67 


2 


6 






• 


A 


A 




Arithmetic Shift Right 






U'l ItUeMI N 1 




Arithmetic Shift Left 


ASL 


48 


1 


2 


58 


1 


2 


38 


2 


5 


78 


1 


5 


68 


2 


6 


Equal to LSL 




• 


A 


A 


A 


Test for Negative 
or Zero 


TST 


40 


1 


2 


5D 


1 


2 


30 


2 


4 


70 


1 


4 


60 


2 


5 


A-00 or X-00 or M-00 




• 


A 


A 


• 



Symbols: Op 'Operation 

# - Number of bytes 
~ " Number of cycles 
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Table 7 Branch Instructions 














Mnemonic 


Addressing Modes 


Branch Test 


Condition Code 


Operations 


Relative 




OP 


# 


~ 


H 


I 


N 


Z 


c 


Branch Always 


BRA 


20 


2 


3 


None 












Branch Never 


BRN 


21 


2 


3 


None 












Branch IF Higher 


BHI 


22 


2 


3 


c+z=o 












Branch IF Lower or Same 


BLS 


23 


2 


3 


C+Z=1 












Branch IF Carry Clear 


BCC 


24 


2 


3 


C=0 












(Branch IF Higher or Same) 


(BHS) 


24 


2 


3 


C=0 












Branch IF Carry Set 


BCS 


25 


2 


3 


C=1 












(Branch IF Lower) 


(BLO) 


25 


2 


3 


C = 1 












Branch IF Not Equal 


BNE 


26 


2 


3 


Z=0 












Branch IF Equal 


BEQ 


27 


2 


3 


Z=1 












Branch IF Half Carry Clear 


BHCC 


28 


2 


3 


H=0 












Branch IF Half Carry Set 


BHCS 


29 


2 


3 


H = 1 












Branch IF Plus 


BPL 


2A 


2 


3 


N=0 












Branch IF Minus 


BMI 


2B 


2 


3 


N=1 












Branch IF Interrupt Mask 
Bit is Clear 


BMC 


2C 


2 


3 


l=0 












Branch IF Interrupt Mask 
Bit is Set 


BMS 


2D 


2 


3 


1 = 1 












Branch IF Interrupt Line 
is Low 


BIL 


2E 


2 


3 


INT=0 












Branch IF Interrupt Line 
is High 


BIH 


2F 


2 


3 


INT=1 












Branch to Subroutine 


BSR 


AD 


2 


5 
















Symbols: Op ■ Operation 

# - Number of bytes 
~ ■ Number of cycles 



Table 8 Bit Manipulation Instructions 





Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic 
Operation 


Branch 
Test 












Operations 


Bit Set/Clear 


Bit Test and Branch 






OP 


* 


- 


OP 


# 


_ 


H 


1 


N 


Z 


c 


Branch IF Bit n is set 


BRSET n(n=0- 7) 


- 


- 


-- 


2n 


3 


5 





Mn=1 


• 


• 


• 


• 


A 


Branch IF Bit n is clear 


BRCLR n(n=0-7) 


- 


-- 




01+2-n 


3 


5 





Mn=0 


• 


• 


• 


• 


A 


Set Bit n 


BSET n(n=0 -7) 


10+2-n 


2 


5 


.._ 


- 


- 


1-»Mn 















Clear Bit n 


BCLR n(n=0- -7) 


11+2-n 


2 


5 


- 


- 


- 


O-Mn 
















Symbols: Op - Operation 

# ■ Number of bytes 
~ » Number of cycles 
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Table 9 Control Instructions 





Mnemonic 


Addressing Modes 


Boolean Operation 












Operations 


Implied 


Conamon uoae 




OP 


# 


~ 


H 


I 


N 


Z 


c 


Transfer A to X 


TAX 


97 




2 


A-X 




• 






• 


Transfer X to A 


TXA 


9F 




2 


X-A 




• 






• 


Set Carry Bit 


SEC 


99 




1 


1-C 




• 






1 


Clear Carry Bit 


CLC 


98 




1 


0-C 




• 









Set Interrupt Mask Bit 


SEI 


9B 




2 


1-1 




1 








Clear Interrupt Mask Bit 


CLI 


9A 




2 


0-1 













Software Interrupt 


SWI 


83 




10 






1 








Return from Subroutine 


RTS 


81 




5 






• 








Return from Interrupt 


RTI 


80 




8 






? 








Reset Stack Pointer 


RSP 


9C 




2 


$FF-SP 












No-Operation 


NOP 


9D 




1 


Advance Prog. Cntr. Only 












Decimal Adjust A 


DAA 


8D 




2 


Converts binary add of BCD charcters into 
BCD format 










A* 


Stop 


STOP 


8E 




4 














Wait 


WAIT 


8F 




4 














Symbols: Op ■ Operation 


* Are BCD < 


sharact 


ers of i 


jpper b 


yte 10 or more? (They are not cleared if set in advance.) 











# - Number of bytes 
~ • Number of cycles 



Table 10 Instruction Set (in Alphabetical Order) 





Addressing Modes 


Condition Code 


Mnemonic 


Implied 


Immediate 


Direct 


Extended 


Relative 


Indexed 
(No Offset) 


Indexed 
(8-Bit) 


Indexed 
(16-Bit) 


Bit 
Set/ 
Clear 


Bit 
Test & 
Branch 


H 


I 


N 


z 


c 


ADC 




X 


X 


X 




X 


X 


X 






A 


• 


A 


A 


A 


ADD 




X 


X 


X 




X 


X 


X 






A 


• 


A 


A 


A 


AND 




X 


X 


X 




X 


X 


X 






• 


• 


A 


A 


• 


ASL 


X 




X 






X 


X 








• 


• 


A 


A 


A 


ASR 


X 




X 






X 


X 








• 


• 


A 


A 


A 


BCC 










X 






















BCLR 


















X 














BCS 










X 






















BEQ 










X 






















BHCC 










X 






















BHCS 










X 






















BHI 










X 






















(BHS) 










X 






















BIH 










X 






















BIL 










X 






















BIT 




X 


X 


X 




X 


X 


X 






• 


• 


A 


A 


• 


(BLO) 










X 






















BIS 










X 






















BMC 










X 






















BMI 










X 






















BMS 










X 






















BNE 










X 






















BPL 










X 






















BRA 










X 























Condition Code Symbols: 
H Half Carry (From Bit 3) 
I Interrupt Mask 
N Negative (Sign Bit) 
Z Zero 



(to be continued) 



Carry/ Borrow 

Test and Set if True, Cleared Otherwise 

Not Affected 

Load CC Register From Stack 
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Table 10 Instruction Set (in Alphabetical Order) 





Addressing Modes 


Condition Code 


Mnemonic 


Implied 


Immediate 


Direct 


Exte ,ad 


Relative 


Indexed 
(No Offset) 


Indexed 
(8-Bit) 


Indexed 
(16-Bit) 


Bit 
Set/ 
Clear 


Bit 
Test & 
Branch 


H 


1 


N 


Z 


c 


BRN 










X 






















BRCLR 




















X 




• 




• 


A 


BRSET 




















X 




• 




• 


A 


BSET 


















X 














BSR 










X 






















CLC 


X 






















• 




• 





CLI 


X 



























• 


• 


CLR 


X 




X 






X 


X 










• 





1 


• 


CMP 




X 


X 


X 




X 


X 


X 








• 


A 


A 


A 


COM 


X 




X 






X 


X 










• 


A 


A 


1 


CPX 




X 


X 


X 




X 


X 


X 








• 


A 


A 


A 


DAA 


X 






















• 


A 


A 


A 


DEC 


X 




X 






X 


X 










• 


A 


A 




EOR 




X 


X 


X 




X 


X 


X 








• 


A 


A 




INC 


X 




X 




r 


X 


X 










• 


A 


A 




JMP 






X 


X 




X 


X 


X 
















JSR 






X 


X 




X 


X 


X 
















LDA 




X 


X 


X 




X 


X 


X 








• 


A 


A 




LDX 




X 


X 


X 




X 


X 


X 








• 


A 


A 




LSL 


X 




X 






L x 


X 










• 


A 


A 


A 


LSR 


X 




X 






X 


X 










• 





A 


A 


NEG 


X 




X 






X 


X 










• 


A 


A 


A 


NOP 


X 






























ORA 




X 


X 


X 




X 


X 


X 








• 


A 


A 


• 


ROL 


X 




X 






X 


I X 










• 








ROR 


X 




X 






X 


X 










• 


A 




A 


RSP 


X 






























RTI 


X 






















? 


? 


? 


? 


RTS 


X 






























SBC 




X 


X 


X 




X 


X 


X 








• 


A 


A 


A 


SEC 


>* 






















• 


• 


• 


1 


SEI 


X 






















1 


• 


• 


• 


STA 






X 


X 




X 


X 


X 








• 


A 


A 


• 


STOP 


X 






























STX 






X 


X 




X 


X 


X 








• 


A 


A 


• 


SUB 


I 


X 


X 




X 


X 


X 








• 


A 


A 


A 


SWI 


x I 




















1 


• 


• 


• 


TAX 


x ! 




























TST 


X 




X 






X 


X 










• 


A 


A 


• 


TXA 


X 






























WAIT 


X 































Condition Code Symbols: 
H Half Carry (From Bit 3) 
I Interrupt Mask 
N Negative (Sign Bit) 
Z Zero 



Carry Borrow 

Test and Set if True, Cleared Otherwise 

Not Affected 

Load CC Register From Stack 
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TableU Operation Code Map 





Bit Manipulation 


Branch I Read Modify Write 


Control 


Register Memory 






Test & 
Branch 


Set 
Clear 


Rel DIR 


A I X 


,X1 


,xo 


IMP 


IMP 


IMM 


DIR 


EXT 


,X2 


,X1 


,XO 









1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 


-■*■ 





BRSETO 


BSETO 


BRA 


NEG 


RTI- 




SUB 





1 


BRCLRO 


BCLRO 


BRN 




RTS* 




CMP 


1 


2 


BRSET1 


BSET1 


BHI 








SBC 


2 


3 


BRCLR1 


BCLR1 


BLS 


COM 


SWI* 




CPX 


3 


4 


BRSET2 


BSET2 


BCC 


LSR 








AND 
BIT 





4 
5 


5 


BRCLR2 


BCLR2 


BCS 










6 


BRSET3 


BSET3 


BNE 




ROR 
ASR 


I 

"""[tax* 


— ] 


LDA 




6 


7 


BRCLR3 


BCLR3 


BEQ 




STA 


STA(+1) 


7 


8 


BRSET4 


BSET4 


BHCC , 


LSL ASL 


|CLC 


EOR 


8 
9 


9 


BRCLR4 


BCLR4 


BHCS I 
BPL 


ROL 
DEC 




SEC 







ADC 








A 
B 


BRSET5 


BSET5 


___ r , 


CLI* 




ORA 


BRCLR5 


BCLR5 


BMI 


TSTI-1) 


K 


SEI* 


ADO 


JSR+2) 


B 

c 

D 


C 


BRSET6 


BSET6 


BMC 


Tnc ~j~ 


RSP* 
NOP 


BSR T 


JMP(-I) 
JSR(+2J"T JSR( + f) 


D 


BRCLR6 


BCLR6 H 


BMS 


fsf [~TST(-1J 


DAA' 


E 


BRSET7 


BSET7 


BIL 






CLR 




STOP* 


TXA T 




LDX 
STX 


STX(+1) 


E 


F 


BRCLR7 


BCLR7 


BIH 




WAIT' 








3/5 


2/5 


2/3 


2 5 | 1 2 | 1/2 J 2/6 j 1 5 


1 ' 


1 1 


2 2 


2/3 | 3/4 | 3/5 | 2/4 


13 





(NOTES) 



"-" is an undefined operation code. 

The lowermost numbers in each column represent a byte count and the number of cycles required (byte count/number of cycles). 

The number of cycles for the mnemonics asterisked (•) is as follows: 



RTI 


8 


RTS 


5 


SWI 


10 


DAA 


2 


STOP 


4 


WAIT 


4 



TAX 


2 


RSP 


2 


TXA 


2 


BSR 


5 


CLI 


2 


SEI 


2 



3. The parenthesized numbers must be added to the cycle count of the particular instruction. 



• Additional Instructions 

The following new instructions are used on the HD6305Y: 
DAA Converts the contents of the accumulator into BCD 
code. 



WAIT Causes the MCU to enter the wait mode. For this mode, 

see the topic, Wait Mode. 
STOP Causes the MCU to enter the stop mode. For this mode, 

see the topic, Stop Mode. 
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CMOS MCU (Microcomputer Unit) 



The HD63L05F1 is a CMOS single-chip microcomputer suit- 
able for low-voltage and low-current operation. Having CPU 
functions similar to those of the HMCS6800 family, the 
HD63L05F1 is equipped with a 4k bytes ROM, 96 bytes RAM, 
I/O, timer, 8 bits A/D, and LCD (7x7 segments max.) drivers, 
all on one chip. 

■ HARDWARE FEATURES 

• 3V Power Supply 

• 8-Bit Architecture 

• Built-in 4k Bytes ROM (Mask ROM) 

• Built-in 96 Bytes RAM 

• 20 Parallel I/O Ports 

• Built-in 7 x 7 Segments LCD Driver Capability 

• Built-in 8-Bit Timer 

• Built-in 8-Bit A/D Converter 

• Program Halt Function for Low Power Dissipation 

• Stand-by Input Terminal for Data Holding 

■ SOFTWARE FEATURES 

• An Instruction Set Similar to That of The HMCS6800 
Family (Compatible with The HD6805S) 

• HMCS6800 Family Software Development System is Appli- 
cable 

■ PIN ARRANGEMENT (Top View) 



XOUT 

NUM 

TIMER 

Vrh 

Vrl 

CCi 

CC, 

NC 

E 

V C H 
CH, 
V,/CH 7 /0, 9 
SEGi,/C'Ha 
SEG I6 /CH 3 
V 2 /CH 8 /0,» 
SEG 15 /CH 4 
NC 
SEG 14 /CH 5 
SEG, 3 /CH 6 
SEG 1S 
SEG,, 
SEG K 
SEG, 
SEG. 
SEG, 
SEG 6 
SEG S 
SEG 4 
SEG 3 
SEG, 
SEG, 
NC 



E o 

(X 

CI 

E 
E 
E 
C 

E 
E 

Go 

E 

m 
o 

G 
IB 

E2 



HD63L05F1P 



13 XIN 

v cc 

J3 SB_ 
INJ_ 
13 RES 

El v S s 

El EXTAL 
E3 XTAL 
H NC 
El A, 
El A« 

m A 5 
El A 4 
E3 a 3 

El A 2 

a a, 

«1 Ao 

i3 b 7 

3 B« 

5! b, 
jg b 4 

3 B 3 
»3 B 2 

53 B, 

«1 Bo 

II c 3 
m c, 
E3 Ci 

& Co 
E COM 3 

13 com 2 
H com, 



HD63L05F1P 




(DP-64S) 



HD63L05F1F 




(FP-80) 



- ««• « « W - g "^ - • * . « « 
<<<<<< 2 < < Z 03 03 03030303 



HD63L05F1F 



"INC 

63] B, 

01 Bo 

EDnc 

£§Ci 

3 c 
E3c„ 

E 
E 

a 

E 
S3 
3 
E 
3 

3 

a 

3 
ED 
3 



COM, 

NC 

COMi 

COM, 

SEG, 

NC 

SEG, 

SEG, 

NC 

SEG, 

SEG, 

NC 

SEG, 

SEG, 

NC 

SEG, 



lsJlslsJ[sJls|lUyiH.ll£JlsJlsJlsJtsJ[« J 1 lsJliJ 



O > </> Z </> Z > «> 



( o u o o o o o 
: to z en Si w </> i/> 
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BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 ~ +5.5 


V 


Input Voltage 


V in 


-0.3 ~ V cc +0.3 


V 


Output Voltage 


Vout 


-0.3 ~ V cc +03 


V 


Operating Temparature 


Topr 


-20 ~ +75 


°C 


Storage Temparature 


'stg 


-55 ~ +125 


°C 



(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. 

Normal operation should be under recommended operating conditions. 
If these conditions are exceeded, it could affect reliability of LSI. 



ELECTRICAL CHARACTERISTICS (V cc = 3.0V ±0.8V f Vss - 0V, T a = -20 ~ +75°C, typ means typical value at V cc = 3.0V, 

unless otherwise noted.) 

DC CHARACTERISTICS 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 




XTAL, XIN 


VlH 


Connect C L = 0.5/uF to 
Vch 


V cc -03 


- 


Vcc 


V 


Input "High" 
Level Voltage 


RES, INT, SB 




0.5Vcc + 09 


- 


Vcc 


V 


TIMER 




0.8V CC 


- 


Vcc 


V 




NUM (Normal Mode) 




V cc -02 


- 


Vcc 


V 




XTAL, XIN 


V,L 


Connect C L = 0.5/iF to 
V C h 


Vcc -2.1 


- 


Vcc-18 


V 


Input "Low" 
Level Voltage 


RES, INT, SB 




Vss 


- 


0.2V CC 


V 


TIMER 




Vss 


- 


0.2V CC 


V 




NUM (Test Mode) 




Vss 


- 


0.2 


V 


Self Check Input 
Voltage 


NUM (Self Check Mode) 


Vim 




0.5V cc -0.2 


- 


0.5V cc +0.2 


V 


Input Pull-Up 
Current 


RES (INT: Mask Op- 
tion) 
NUM 


-Iri 


V cc = 3.0V, V in = 0V 


3 


15 


30 


MA 


Input Leakage 
Current 


TIMER, SB 


Mini 


V in = 0V ~ V cc 


- 


- 


1.0 


JuA 




Crystal* 
Oscilla- 
tion 


During 
System 
Operation 


• CO 


f = 400kHz 
No load. 

Tested after setting 
up the internal status 
by self check. 


- 


100 


200 


^A 




At Halt 


- 


40 


80 


MA 




At Standby 


- 


2 


5 


HA 


Current Dissipa- 


At A/D 
Operation 


- 


200 


600 


MA 


tion 


RC* 
Oscilla- 
tion 


During 
System 
Operation 


'CC2 


R = 100kJ2 
No load. 

Tested after setting 
up the internal status 
by self check. 


- 


120 


200 


juA 




At Halt 


- 


60** 


100** 


MA 




At Standby 


- 


2 


5 


/iA 




At A/D 
Operation 


- 


220 


600 


MA 


Output "Low" 
Level Voltage 


E 


Vol 


l OL = 30/uA 


- 


- 


0.3 


V 



Depends on the mask-option. 

60mA -*■ 30mA and 100mA -* 60mA when OSC1 is stopped by Halt. 
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• AC CHARACTERISTICS 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Operating Clock Frequency 


fd 




100 


400 


500 


kHz 


Cycle Time 


t C y C 




8 


10 


40 


MS 


Oscillation Frequency * 
(Resistor Option) 


foSCR 


R = 100kO±1% 


300 


400 


500 


kHz 


External Clock Duty 


Duty 




45 


50 


55 


% 


Oscillation Start Time * 
(Crystal Option) 


tosct 


C D = lOpF ±20%, R s = 1kJ2 max 


- 


- 


150 


ms 


Oscillation Start Time * 
(Resistor Option) 


toSCR 


R = 100kfi±1%, 

Connect C|_ = 0.5mF to V CH 


- 


- 


2 


ms 


Oscillation Start Time (32kHz) * 


tosci 


C D = lOpF ±20%, R s = 20ki2 max 


- 


- 


1 


s 


Internal Capacitance 


EXTAL 


C D 




- 


10 


- 


PF 


of Oscillator 


XOUT 




- 


10 


- 


PF 


Delay Time of Oscillation Delay 
Time * 


tpLY 


Selected by mask option 





- 


1 


s 


Reset Delay Time 


tRLH 


External Capacitance = 2.2/xF 


200 


- 


- 


ms 


RES Pulse Width* 


tRWL 


With 32kHz OSC 


48 


- 


- 


MS 




Without 32kHz OSC 


1.5teyc+1 


- 


- 


jus 


TNT Pulse Width* 


l IWL 


When OSC1 is not stopped by Halt 


tcyc+1 


- 


- 


MS 




When OSC1 is stopped by Halt 


32 


- 


- 


MS 


TIMER Pulse Width 


l TWL 


In the case of counter 


tcvc+1 


- 


- 


Ms 



Depends on mask-option. 



• PORT CHARACTERISTICS 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Output "High" Level Voltage 


Port A, B,C 


Vqh 


CMOS Output, Iqh = -100mA 


V cc -0.3 


- 


- 


V 


Port A, B, C 


Key Load CMOS Output 
I oh =-10mA 


V C c-0.3 


- 


- 


V 


Output "Low" Level Voltage 


Port A, B, C 


Vol 


Iol = 100mA 


- 


- 


0.3 


V 


Input "High" Level Voltage 


Port A, B, C 


V,h 




0.8V CC 


- 


Vcc 


V 


Input "Low" Level Voltage 


Port A, B, C 


V|L 




Vss 


- 


0.2V CC 


V 


Input Leakage Current 


Port A, B, C 


HinI 


V in =0V~V cc 


- 


- 


1.0 


MA 


Input Pull-Up Current * 


Port A, B,C 


_ Ir2 


V cc = 3.0V, V in = 0V 


4 


20 


40 


ma 



Depends on mask-option. 
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• LCD DRIVER OUTPUT CHARACTERISTICS (Vcc = 3.0V, Vss = 0V, T a = -20 ~ +75°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 




Segment 


Vohi 


V, = 1.00V, V 2 = 2.00V 
Iqh = -1MA 


2.8 


- 


- 


V 


Output "High" Level Voltage 


VOH2 


1.8 


- 


- 


V 




VoH3 


0.8 


- 


- 


V 




Segment 


V L1 


V, = 1.00V, V 2 -2.00V 
l OL = 1^A 


- 


- 


2.2 


V 


Output "Low" Level Voltage 


V OL2 


- 


- 


1.2 


V 




V OL 3 


- 


- 


0.2 


V 




Common 


V H1 


V, - 1.00V, V 2 -2.00V 
Iqh = -5mA 


2.8 


- 


- 


V 


Output "High" Level Voltage 


VoH2 


1.8 


- 


- 


V 




VoH3 


0.8 


- 


- 


V 




Common 


VoL1 


V, = 1.00V, V 2 -2.00V 
Iol =5|iA 


- 


- 


2.2 


V 


Output "Low" Level Voltage 


V L2 


- 




1.2 


V 




V OL 3 


- 


- 


0.2 


V 


Dividing Resistor 


Rlcd 


Tested between V 1 and V 2 


45 


90 


180 


kQ. 


Output "High" Level Voltage* 


Segment 


VqH 


In the case of Output Port, 
l OH = -30m A 


V cc -0.3 


- 


- 


V 


Output "Low" Level Voltage* 


Segment 


Vol 


In the case of Output Port, 
l OL = 30/iA 


- 


- 


0.3 


V 



Depends on mask-option. 



VoL2 



V L3 



f Vohi 



JL_V0H2 



J v OH3 



Output Level of SEG and COM 



VccO-T-r 




VssO 



Power Supply Circuit for LCD Display 



Common Output 



Segment Output 



HITACHI 



511 



HD63L05F1 



• A/D CONVERTER CHARACTERISTICS (V 


cc * 3.0V, Vss ■ 0V, Ta • -20°C ~ +75°C, unless otherwise noted.) 




Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Conversion Accuracy 


Resolution 






- 


- 


8 


bit 


Absolute Accuracy 




V RL = 0.2V<V in <V RH = 2.0V 


-2 


- 


+2 


LSB 




"High" Side 


V RH 




- 


- 


V C c 


V 


Reference Voltage 


"Low" Side 


Vrl 




Vss 


- 


- 


V 




Vrh-V rl 


AV REF 




1.8 


- 


- 


V 


Input Voltage Range 


Input Range 


V IN 




Vrl 


- 


Vrh 


V 


Input Dynamic Range 


Vqyn 




0.2 


- 


V C c-1.0 


V 


Ladder Resistor (V RH - V RL ) 


Rhl 




40 


80 


160 


kO 


Conversion Time 


tCNV 




2 


- 


4 


ms 


Programmable 


Judge Error 




V RL = 0.2V<V ln <V R „ = 2.0V 


-4 


- 


+4 


LSB 


Voltage Comparison 


Judge Time 


t CMP 




- 


- 


60 


Ms 



v S s 



V CC -1.0V 









Dead 
Zone 


Converter 
Dynamic Range 


Dead 
Zone 



Analog Input Voltage 

(When the input voltage is in the dead zone, 

the result of the conversion is not guaranteed.) 



Dynamic Range of the Comparator 



Ideal A/D Converter Characteristics 




1/8 2/8 3/8 4/8 5/8 6/8 7/8 8/8 

L o — •~Wr-l-WV~iMA\-ljwv-eM^ — o' 



Analog Input Voltage 
(Ladder resistor indicates the compared voltage.) 

Example of 3 bit Resolution 



Example of 3 bit Resolution 
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■ SIGNALS 

The input and output signals of the MCU are described in 
the following: 

• Vcc.Vss 

Power is applied to the MCU at these two terminals. V cc 
is a positive power input port and V ss is grounded. 

• INT 

This terminal is used to envoke an external interruption to 
the MCU. For details, see the information given under the tide, 
"Interruptions" (~t_ Negative going edge type). 

• XTAL. EXTAL 

These are control input ports to the built-in clock circuit. 
A crystal or a resistor is connected to each of them depending 
on the degree of stability of the internal oscillation. For the 
method of using the input terminals, see the information, 
"Internal Oscillator Option". 

• XIN. XOUT 

These terminals are connected to a crystal for the oscillator 
on the time base. A clock operation is possible by using a 
32.768kHz crystal. For details, see "Internal Oscillator Option". 

• TIMER 

An external input terminal at which the internal timer is 
counted down. For details, see the information, 'Timer". 

• RES 

Used to reset the MCU. For details, see "Reset". 

• STANDBY (SB) 

An external input terminal used to stop the MCU and hold 
data. For details, see "Internal Oscillator Option". 

• A/D Input Terminals (CH, ~CH 8 ) 

Input terminals for analog voltages needed for A/D conver- 
sion. These may also be used as level check inputs under pro- 
gram control. For details, see the information, "A/D Conver- 
ter". 

• V R h.V RL 

Reference voltages for A/D conversion are applied to these 
two terminals. For details, see "A/D Converter". 

• cc,,cc 2 

These are not intended for user applications. Open them. 

• NUM 

This is not intended for user applications. Connect it to V C c • 

• Input/Output Terminals (A ~ A 7 , B ~ B 7 , C ~ C 3 ) 

Each of these 20 terminals consists of two 8 bits ports and 
one 4 bits ports. It may be used as an input or output under 
program control of the data direction register. For details, see 
"Input/Output". 

• Liquid Crystal Driver Terminals (COM- ~ COM 3 , SEGi ~ 
SEG I7 ) 

COMi "- COM 3 are for driving common electrodes, while 
SEG, ~ SEC,-, are for driving segments. SEG t ~SEG, 7 can be 
used as outputs by mask-option and SEGu ~ SEG- 7 can be 
used as analog inputs for A/D converter by mask-option. 



Mixing segment driver with output port is not available in 
mask-option. 

• v,,v 2 

These are terminals for LCD driver. Vi and V 2 are connected 
to Vcc via capacitors (0.1/uF each). These two terminals can be 
used as output or analog inputs by mask-option when segments 
are used as output ports. 

• V CH 

Output terminal from internal voltage regulator. A capacitor 
(0.5/nF) is connected between Vch and Vcc- Don't draw cur- 
rent from this terminal. 

• E 

System clock output (cycle clock 100kHz typ.) 
This NMOS open-drain output stays at "Low" level when the 
MCU is in halt mode, standby mode or reset. 



■ MEMORY 

The MCU memory is configured as shown in Figure 1 . During 
the processing of an interrupt, the contents of the MCU resisters 
are pushed onto the stack in the order shown in Figure 2. Since 
the stack pointer decrements during pushes, the low order byte 
(PCL) of the program counter is stacked first; then the high 
order four bits (PCH) are stacked. This ensures that the program 
counter is loaded correctly as the stack pointer increments 
when it pulls data from the stack. A subroutine call will cause 
only the program counter (PCH, PCL) contents to be pushed 
onto the stack. 



I/O Ports 

A/O 

LCD. SYS 

RAM 


$000 

$07 F 
y$080 

JOFF 
$100\ 

$F2F \ 
$F30 \ 

$FF3 \ 
$FF4 \ 

«fff Figure 1 U 


Port A 


$000 


Port B 


sooi 


1 1 1 1 1 Port C 


$002 


Not Used 


$003 


Port A DDR' 


$004 


ROM 
(128 Bytes) 


Port B ODR * 


$005 


Not Used | PortCOOR* 


$006 


Not Used 


$007 


TIMER Data R«9- 


$008 


TIMER CTRL Reg. 


$009 


Main ROM 
(3632 Bytes) 


Not Used 


$O0A 
$000 


A/0 Data Reg. 


$O0E 


A/D CTRL Rej. 


$O0F 


Not Used 


$010 
$013 


LCD1 Data Reg.' 


$014 


LCD2 Data Reg.* 


$015 


LCD3 Data Reg.* 


$016 


LCD4 Data Reg.' 


$017 


LCDS Data Reg.* 


$018 


LCD6 Date Reg.' 


$019 


LC07 Data Reg.' 


$01A 


Not Used | LC08D.R. 


$01B 


SYS CTRL Reg. 




Self Check 

ROM 
(196 By tail 




Not Used 


$010 

$01F 


RAM (96 Bytesl 


$020 


Interrupt 
Vectori 
ROM 

(UByteil 


STACK 

f 


$060 

ion 


' Write Only Reg 

CU Memory Map 


star 
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(Cautions) 

It is not possible to change the contents of the Write Only 
Register (For example, the Data Direction Register of the I/O 
port) of the HD63L05F1 by applying the Read/Modify/Write 
instructions, BSET, or BCLR. 

For preventing the system from wild runninf lon't read 
the Not Used area of the memory map. 



7 








3 
n + 1 
n+2 
n + 3 
n+4 
n + 5 


Pull 


n-4 


1 1 1 


Condition 
Code Reg. 


y 




n-3 


Accumulator 




n-2 


Index Register 




n-1 


1111 


PCH* 




n 


PCL* 


» 



Push 



* Only the PCH and PCL are stacked 
in the case of a subroutine call. 

Figure 2 Interruption Stack Sequence 



■ REGISTER 

The CPU has five registers that can be operated by the pro- 
grammer. They are shown in Figure 3. 



Accumulator 



Index Register 



Program Counter 



Stack Pointer 



Condition Code Register 



Carry/ Borrow 



7 g 

I « I 

7 

I x 1 



11 



















PC | 


11 










5 4 




















1 


1 


SP 



E 



2 C 



Zero 
Negative 
Interrupt Mask 
Half Carry 



Figure 3 Programming Model 

• Accumulator (A) 

The accumulator is a general purpose 8-bit register used to 
hold operands and results of arithmetic calculations or data 
manipulations. 

• Index Register (X) 

The index register is an 8-bit register used for the indexed 
addressing mode. It contains an 8-bit address that may be added 
to an offset value to create an effective address. The index 
register can also be used for limited calculations and data mani- 
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pulations when using read/modify /write instructions. When not 
required by a code sequence being executed, the index register 
can be used as a temporary storage register. 

• Program Counter (PC) 

The program counter is a 12-bit register that contains the 
address of the next instruction to be executed. 

• Stack Pointer (SP) 

The stack pointer is a 12 -bit register that contains the address 
of the next free location on the stack. Initially, the stack point- 
er is set to location $07F and is decremented as data is being 
pushed onto the stack and incremented as data is being pulled 
from the stack. The most significant bits of the stack pointer 
are permanently set to 0000011. During a MCU reset or the 
reset stack pointer (RSP) instruction, the stack pointer is set 
to location $07F. Subroutines and interrupts may be nested 
down to location $061 which allow the programmer to use 
1 5 levels of subroutine calls. 

• Condition Code Register (CC) 

The condition code register is a S-bit register in which each 
bit is used to indicate or flag the results of the instruction just 
executed. These bits can be individually tested by a program 
and specific action taken as a result of their state. Each indi- 
vidual condition code register bit is explained in the following 
paragraphs. 

Half Carry (H) 

Used during arithmetic operations (ADD and ADC) to 
indicate that a carry occurred between bit 3 and bit 4. 

Interrupt (I) 

This bitjs set to mask the internal interrupts and external 
interrupt (INT). If an interrupt occurs while this bit is set, it is 
latched and will be processed as soon as the interrupt bit is 
reset. 

(Note) 

CLI (clear interrupt mask bit) is used to allow the interrup- 
tion from the instruction after next. SEI (set interrupt mask 
bit) masks the interruption from next instruction. 

Negative (N) 

Used to indicate that the result of the last arithmetic, logical 
of data manipulation was negative (bit 7 in result equal to 
logical one). 

Zero (Z) 

Used to indicate that the result of the last arithmetic, logical 
of data manipulation was zero. 

Carry/Borrow (C) 

Used to indicate that a carry or borrow out of the arithmetic 
logic unit (ALU) occurred during the last arithmetic operation. 
This bit is also affected during bit test and branch instruction, 
shifts, and rotates. 

■ SYSTEM CONTROL REGISTER 

Apart from the registers for program operation explained 
above, there is a register that controls system operation. Its 
configuration is shown in Figure 4. 



HD63L05F1 



7 




SYS CTRL Register 







TB 
INT 


TB 
MASK 


TB 
SELECT 


TB 
RESET 


HALT 


EXT 


LCD 

DUTY 

1 



1 ) 



Figure 4 System Control Register Configuration 



1 
Reset 



A Time Base counter is built in the MCU to generate two 
kinds of time base interrupts (1 second cycle and 1/16 second 
cycle). Clock signal to this counter is provided from the OSC1 
or OSC2 depending on the mask-option. This counter is a 
frequency divider behind the 32 kHz oscillator. 

• Time Base Interrupt Request FlagtTB INT) 

Stores an interrupt request from the time base which is 
selected by the TB select bit and is cleared by system reset or 
by software. If the TB MASK bit or I (Interrupt bit in the CCR) 
is set, the interrupt request is not acknowledged. Only logical 
"0" can be written into this bit by software. 

• Time Base Interrupt Mask (TB MASK) 

If this bit is set, an interrupt request from the time base 
is not acknowledged. 

• Time Base Select Bit (TB SELECT) 

This bit selects the time base. In logical "1", an interrupt 
from the 1 -second cycle time base is acknowledged. In logical 
"0", 1/16 second cycle time base is acknowledged. 

• Time Base Reset Bit (TB RESET) 

This bit resets the frequency divider behind the 32kHz 
oscillator. When this bit is set, one shot reset pulse is generated 
by the hardware. Then it resets the frequency divider and after 
that, the frequency divider restarts. The CPU always reads this 
bit as logical "0". 

Since the frequency divider also provides the system clocks 
to the A/D converter and LCD drivers etc., writing "1" to "TB 
RESET" bit during execution of A/D converter and TIMER 
(when 032k is selected) causes different data from the correct 
result and writing "1" to this bit causes flicker of the LCD 
display. 

• Halt (HALT) 

Used to halt the CPU. When this bit is set, the registers are 
saved onto the stack in the same sequence as interrupt pro- 
cessing. After all registers have been saved, the CPU halts 
and is wait-for-interrupt state. 

If this bit is reset by an external interrupt or an internal 
interrupt, the CPU restarts operating. By using the Halt function 
with Time Base Interrupt, the CPU can operate intermittently 
itself. 

• EXT 

When the form of output port is selected by DUTY selecting 
bit and the mask-option, 0WRITE is available at the specified 
terminal (SEGi to O19) according to the designation of pin 
location. 0WRITE clock can be got on every writing data into 
LCD register 1 and be used as the write clock in the case of 
transferring data of LCD register 1 to the outside. Normally, 
EXT must be reset. 

• Duty Select Bit (LCD DUTY) 

The LCD drive signal is based on 1/3 bias - 1/3 duty. How- 
ever, there are switching circuits built in for static drive signal 
and output ports. For details, see the information given in 



"LCD Circuit" 

(Note) 

The EXT bit and the LCD DUTY bits have to be initialized 
in 1 milli second from the start of CPU operation when the 
static drive signal or output port is selected. 

■ TIMER 

The MCU timer circuitry is shown in Figure 5. The 8 -bit 
counter is loaded under program control and counts down 
toward zero as soon as the clock input is applied. When the 
timer reaches zero the timer interrupt request bit (bit 7) in 
the timer control register is set. The CPU responds to this 
interrupt by saving the present CPU state in the stack, fetching 
the timer interrupt vector from locations $FF8 and $FF9 and 
executing the interrupt routine. The- timer interrupt can be 
masked by setting the timer interrupt mask bit (bit 6) in the 
timer control register. The interrupt bit (I bit) in the condition 
code register will also prevent a timer interrupt from being 
processed. 

The clock input to the timer can be from an external source 
applied to the TIMER input terminal (active at negative edge) or 
it can be the internal signal (02 or 032 k). When the internal 
clock signal is used as the source, the clock input is gated by the 
input applied to the TIMER input terminal; this permits easy 
measurement of its pulse width. 02 is provided from OSC1 and 
the frequency is 1/4 of OSC1 . 032 k is provided from OSC1 (the 
frequency is 1/12 of OSC1) or OSC2 (32.768 kHz crystal) 
depending on the mask-option. If the OSC1 continues to 
oscillate during the halt mode, 32.768 kHz crystal is selected 
as the clock source or external clock is applied, the timer can be 
active in the halt mode. Note that the timer operation is 
asynchronous to the CPU when the mask-option which the 
OSC1 stops oscillating in the halt mode is selected. 

A 7-bit prescaler is provided to extend the timing interval 
up to a maximum of 128 counts before being applied to the 
timer. The number of prescaling counts can be program control- 
led by the lower 3 bits within the TIMER CTRL register. The 
timer continues to count past zero and its present count can be 
monitored at any time by monitoring the TIMER Data register. 
This allows a program to determine the length of time since 
a timer interrupt has occurred and not disturb the counting 
process. 

At the time of resetting, the prescaler and the counter are 
all initialized to logical " 1 ". The timer interrupt request bit is 
cleared and the timer interrupt mask bit is set. The timer 
interrupt request bit (bit 7 of TIMER CTRL Register) is set to 
logical "1" when timer count reaches zero, and is cleared by 
program or by system reset. Only logical "0" can be written 
into this bit by program. The bit 6 of Timer Control Register 
is writable by program. Both of these bits can be read by 
CPU. 

■ RESETS 

The MCU can be reset either by initial power-up or by the 
external reset input (RES). All the I/O ports are initialized to 
Input mode (DDRs are cleared) during reset. 

Upon power-up, a minimum of 150 milliseconds is needed 
before allowing the reset input to go "High". This time allows 
the internal oscill ator (OSC1) to stabilize. Connecting a capa- 
citor to the RES input as shown in Figure 8 will provide suf- 
ficient delay. 
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Timer 

Input Terminal 



7 bits Prescaler 



Software 
Control 



2 i 2 a 2 j 2 4 2 s 2 « 2 7 



L - HH->W J 



Clock Input 



8 bits Counter 



i r 



Timer Output 
»■ (Timer Interrupt Request) 



Write Read 

Figure 5 Timer Block Diagram 



PRESCALER 
BIT 


Prescaler 


000 


2° 


001 


2 1 


010 


2 2 


011 


2* 


100 


2 4 


101 


2» 


110 


2 6 


111 


2 7 



TIMER CTRL Register 



TIMER 
INT 


TIMER 
MASK 


CLK 
SELECT 


_UMER_ 
COUNTER 


NOT 
USED 


PRESCALER 
BIT 



Interrupt 

Request at "1" 
TIMER interrupt - 
Mask at "1" 



( 

I 



1 ) — 



Vcc-- 
V<;c Terminal 
GND — 



7 



- Indicates Frequency 
Bit Count 

-TIMER (Internal clock [<t>i or 3J k)) at "1" 
COUNTER (External clock) at "0" 

- fa (frequency is 1 /4 of OSC1 ) at "1 " 

0Mk (frequency is 1/12 of OSC1 or 32.768 kHz) at "0" 



Figure 6 Timer Control Register Configuration 





*£T \ 


U / 


«^V|H 


7 


V,H \^ 


RES Terminal / 




^- v "- / 










Built-in Reset 













200k SI typ 
V cc WV — 



HD63L05F1 
MCU 



2.2/iF 



fr 



Figure 8 Input Reset Delay Circuit 



Figure 7 Application of Power and Reset Timing 
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■ SELF CHECK 

The self check capability of the MCU provides an internal 
check to determine if the port is functional. Connect the MCU 
as shown in Figure 9 and monitor the output of port C bit 3 
for an oscillation of approximately 0.5Hz. This self check 
capability also provides the internal state of the MCU to meas- 
ure the LSI current. After a system reset, the MCU goes into 
each current measurement mode by the combination of the 
control switches. The LSI current can be measured when the 
NUM is returned to V cc after setting of the current mode. 



1/2 v C c 





The connection of OSC1 and OSC2 
depend on their mask option. 





Selection of Switch 




So 


s, 


s, 


s 3 


s 4 


s 5 


s 6 


s 7 


LSI Function 


X 


X 


X 


X 


X 


X 


© 


o 


LSI 
Current 


During 
operation 


O 


X 


X 


X 


o-*x 


X 


o;->® 


x 


Halt 


o 


o 


o 


X 


o->x 


X 


(T)-*® 


X 


A/D 


o 


o 


X 


X 


o-»x 


X 


®-»-® 


X 


Standby 


o 


o 


o 


X 


o-+x 


x->o 


(1)->® 


X 



X :OFF 



Change the state 



Figure 9 Self Check Connections 
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■ INTERNAL OSCILLATOR OPTIONS 

The MCU incorporates two oscillators: Oscillator 1 for sys- 
tem clock supply and Oscillator 2 for peripheral modules such 
as time base, A/D converter, LCD drivers, etc.. 

• Oscillator 1 (OSC1.XTAL. EXTAL) 

The internal oscillator circuit can be driven by an external 
crystal or resistor depending on the stability. A manufacturing 
mask option is available to provide better matching between 
the external components and the internal oscillator. The oscil- 
lator 1 can stop when power is applied in either Halt or Standby 
mode. Figure 10 shows the connection. A resistor selection 
graph is given in Figure 1 1 . 



Vcc 



10pF 



EXTAL 



HD63L05F1 



Crystal Oscillator 



• Oscillator 2 (OSC2; XIN, XOUT) 

Clocks for time base, LCD drivers, an A/D converter, and 
a timer can be supplied by the OSC2 (32.768kHz crystal) or by 
the OSC1 through the frequency divider. In Halt mode, oscil- 
lator 2 operates and permits the operation of the peripheral 
modules with low power consumption. In Standby mode, 
only OSC2 keeps on running. Figure 12 shows the connection 
and the relation between oscillator 1 and oscillator 2 is shown 
Figure 1 3 and Table 1 . 

(Note) 

When OSC2 is not available or OSC1 is the crystal option, 
OSC1 is not allowed to stop at Halt mode. The accuracy of 
the time base is kept only when OSC2 is 32.768kHz crystal 
oscillator. 



lookn 



Mask 
Option 



HD63L05F1 
MCU 



RC Oscillator 



Ext. Clock 
Input — 



HD63L05F1 
XTAL MCU 



Ext. Clock 
Input 



HD63L05F1 
MCU 



Ext. Clock 
Crystal Option 



Ext. Clock 
Resistor Option 



Figure 10 Mask Option for Oscillator 1 
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Figure 1 1 Typical Resistor Selection Graph 
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Figure 13 Relation between Oscillator 1 and Oscillator 2 
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Figure 12 Connection of Oscillator 2 



Table 1 Oscillator 2 Mask-option and System Operation 





When 0SC1 is Crystal 


When OSC1 is RC 


Mask Option 


OSC2 
Not Available 


OSC2 

Available 


OSC2 

Not Available 


0SC2 
Available 


~~~~ — —___ System 
State ~~~^~~— __^ 


0SC1 


CPU 


Peripheral 


OSC1 


CPU 


Peripheral 


OSC1 


CPU 


Peripheral 


0SC1 


CPU 


Peripheral 


During System 
Operation 


O 


o 


O 


O 


o 


O 


O 


o 


O 


O 


o 


O 


At Halt 


o 


X 


O 


o 


X 


O 


o 


X 


O 


X 


X 


O 


At Standby 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 



(NOTE) O run 





Table 2 Mask -options of Oscillation Circuits and the Delay Time 






Type of 0SC1 


Use of OSC2 


Condition 


Delay Time of Restart (second) 





1/16 


1/2 


1 


Crystal Option 


Used 


Standby mode 


Used 


X 


X 


O 


o 


Not used 


O 


O 


O 


o 


Not used 


Standby mode 


Used 


X 


X 


O 


o 


Not used 


o 


o 


O 


o 


CR Option 


Used 


Oscillation 
of OSC1 
at HALT 


Stop 


o 


X 


X 


X 


Continue 


o 


o 


o 


o 


Not used 


Oscillation 
of OSC1 
at HALT 


Stop 


X 


X 


X 


X 


Continue 


o 


o 


o 


o 



Note) Combinations of the mask-option indicated X is not available. 



■ STANDBY 

When the STANDBY (SB) terminal becomes "High" level, 
the MCU goes into standby mode at its instruction fetch cycle. 
On standby mode, only 32 kHz oscillator (OSC2) keeps on 
running while the others are stopped with holding the current 
data except A/D converter, timer, and time base. Restarting 



of the MCU from standby mode is controlled by the Delay Time 
which is available by counting the OSC2 oscillation or 1/12 
frequency of the OSC1 in frequency divider after the STAND- 
BY terminal turned to "Low" level. Therefore, the CPU restarts 
operation from the previous state after the Delay Time (0 sec, 
1/16 sec, 1/2 sec, or 1 sec), and the accuracy of the Delay Time 

HITACHI 519 



HD63L05F1- 



is kept when 0SC2 is 32.768 kHz crystal oscillator. When 1/12 
frequency of 0SC1 is provided to the frequency divider, the 
Delay Time depends on the stability of OSC1 after restarting 
from standby mode and is not acculate. 

■ Delay Time 

Since OSC1 stops in standby mode, it is needed to inhibit 
restarting of CPU untill the OSC1 oscillation is stabilized after 
the STANDBY terminal has turned to "Low" level. To take 
this stabilizing time of OSC1, user can select the Delay Time 
out of sec, 1/16 sec, 1/2 sec or 1 sec by mask-option depend- 
ing on a combination in the Table 2. STANDBY terminal has to 
be kept at "Low" when resetting the MCU and has to be kept 
at "Low" during the Delay Time. Starting of the MCU by reset 
is also controlled by the Delay Time. 

■ INTERRUPTS 

There are six different interrupts to the MCU: external 
interrupt via external interrupt terminal (INT), internal timer 
interrupt, interrupt by termination of A/D conversion, time 
base interrupt, and software interrupt by an instruction (SWI). 

When any interrupt occurs, processing is suspended, the pre- 
sent MCU state is pushed onto the stack, the interrupt bit (I) in 
the condition code register is set, the address of the interrupt 
routine is obtained from the appropriate interrupt vector 
address, and the interrupt routine is executed. The interrupt 
service routines normally end with a return from interrupt 
instruction (RTI) which allows the MCU to resume processing 
of the program prior to the interrupt. Table 3 provides a listing 
of the interrupts, their priority, and the vector address that 
contains the starting address of the appropriate interrupt 
routine. 

Figure 14 shows the system operation flow, in which the 
portion surrounded with dot-dash lined contains interruption 
execution sequence. 

(Note) 

A clear interrupt bit instruction (CLI) allows to suspend the 
processing of the program by an interruption after execution 
of the next instruction while a set interrupt bit instruction 
(SEI) inhibits any interrupts before execution of the next 
instruction. When a mask bit of a control register is cleared by 
an instruction, interruption is allowed before execution of the 
next instruction. 
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Figure 14 System Operation Flowchart 



Table 3 Interruption Priority 



Interruption 


Priority 


Vector Address 


RES 


1 


$FFE,$FFF 


SWI 


2 


$FFC,$FFD 


TNT 


3 


$FFA,$FFB 


TIMER 


4 


$FF8,$FF9 


A/D 


5 


$FF6,$FF7 


TIME BASE 


6 


$FF4,$FF5 



• Acknowledging an INT in Halt mode 

In HALT mode, the CPU is not operating but the peripherals 
are operating. When an interruption is acknowledged, the CPU 
is activated and executes interruption service matching the 
interruption condition by means of vectoring. 

• Acknowledging an INT in Standby mode 

In Standby mode, the system is not operating with power 
supplied to it, therefore, any interruption request (including 
RES) is not acknowledged. 
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• INPUT/OUTPUT 

There are 20 input/output terminals, which are program 
controlled by data direction registers for use as either input or 
output. If an I/O port has been programmed as an output and 
is read, then the latched logical level data is read even though 



the output level changes due to the output load. 

If a port is to be used as an input terminal, the user must 
specify whether or not it will be equipped with a pull-up PMOS. 
Figure 15 shows the port I/O circuit. 



Data 
Direction 
Register Bit 



Output 
Data Bit 






Figure 15 Port I/O Circuit 



I/O Pin 



Bits of 

Data 

Direction 

Register 


Bit of Out- 
put Data 


Output 
State 


Input to 
CPU 


1 
1 




1 

X 




1 

3-State 



1 
Pin 



• Configuration of Port 

Figure 16 shows the configuration of I/O ports. As the 
output is on/off controlled by a data direction register, an I/O 
port may directly be applied as an input terminal. No problem 



is involved with the input if both "High" and "Low" levels 
are applied. For only one level, the user must specify the use 
of a pull-up PMOS for "Open/Low" input application. 



Pull-up PMOS not available 
Vcc 



Pull-up PMOS available 




VsS" 



?v cc 



! J 



r<fO- 



fn 

Vss 



•Vss 



Figure 16 Selection of Input Configuration for I/O Port 
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■ A/D CONVERTER 

The MCU incorporates an 8 bits A/D converter based on the 
resistor ladder system. Figure 17 shows its block diagram. 

The "High" side of reference voltage is applied to Vrh, 
while the "Low" side of reference voltage is applied to Vrl- 
The reference voltage is divided by resistors into voltages match- 
ing each bit, which is compared with analog input voltage for 
A/D conversion. As the analog input voltage is applied to the 
MOS gate of the comparator through the analog multiplexer, 
this voltage comparison system achieves high input impedance. 

The A/D Data Register stores the results of an A/D conver- 
sion or can be set 8 bit data for programmed comparator. 
These functions are controlled by software-controlled A/D 
CTRL Register. The result of A/D conversion is not assured 
if the conversion is interrupted by STANDBY. Figure 1 8 shows 
the configuration of the A/D control register. 

* A/D Interrupt Request Flag (A/D INT) 

The A/D INT bit is set to logical "1" after completion of 
A/D conversion and is cleared by program or by system reset. 



Only logical "0" can be written into this bit by software. 

• A/D Interrupt Mask (A/D MASK) 

If this bit is set, interrupt from the A/D converter is not 
acknowledged. This bit can be written by program. 

• A/D Conversion Flag (CNV) 

To start auto A/D conversion, set this bit to logical "1". 
During conversion, data of this bit stays at "1". The bit is 
automatically reset to "0" when the auto A/D conversion ends. 
In auto A/D conversion, supply voltage is applied to the com- 
parator only when CNV = "1". The digital data which is ob- 
tained by the A/D conversion is held in the A/D Data Register. 
This data is reset when the CNV is set to "1" again. 

• A/D Operation Mode Select Bit (Auto/Program) 

Used to select either auto-run 8 bits A/D conversion or 
8 bit programmed comparator operation (Auto 8 bits A/D 
conversion at "0"). 
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Figure 17 8 Bits A/D Converter Block Diagram 
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Figure 18 A/D Control Register Configuration 
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• Comparator Output (COMP OUT) 

The result of comparator operation under program control 
can be read from this bit (Logical "1" means that input voltage 
is higher than programmed reference voltage). 

• Analog Input Channel Select Bits (MPX) 

Used to select 8-channel analog inputs. The multiplexer is 
an analog switch based on CMOS. Note that the analog inputs 
from CH 2 to CH 8 are mask option while CH| is exclusive. 

When 1/3 bias - 1/3 duty or static LCD is used, CH 7 and 
CH 8 are not available because these two terminals are used for 
LCD power supply as Vi and V 2 . 

■ LCD CIRCUIT 

The system configuration of the LCD circuits is shown in 
Figure 19. Segment data for display are stored in data registers 
LCD1 to LCD8. Since the circuits are connected to the output 
terminals via pin location block, the user may specify a combi- 
nation of data to be multiplexed to the segment output termi- 
nals. 

The bit data of the LCD register is combined with the timing 
clock (0j , 02 or 3 ) and three combined bit data are gathered to 
make a segment output data for 1/3 bias - 1/3 duty driving in 
the pin location block. In case of static LCD drive of output 
port, timing is always fixed at 0i (always "High") and one bit 



data of the LCD register is transferred for an output terminal. 

Note that the output terminals from SEG13 to SEGn are 
mask option while the others (SEGi to SEG12) are always avail- 
able when the Duty bits are "01" or "1 1". 

When the form of output port is selected by Duty bit ("00"), 
WRITE can be got every time data is written into LCD1 
register in the case that EXT bit is "1". As LCD1 register has 
8 bits latches, it is easy to transfer the internal 8 bits data to 
external devices via output ports, with automatically generated 
write clock WRITE. The cycle clock pulse can be also available 
as an internal data source for the output terminal when output 
port is selected as 1/4 OSC1 . 

Assignment of segment terminals to the bits of the LCD 
data register, including the case where they are used as output 
terminals, is to be specified by the user when he orders masks. 
In case of static LCD or output ports, only LCD1, LCD2, and 
LCD3 are allowed to be used. These registers are initialized at 
"0" by system resetting. 

■ LIQUID CRYSTAL DRIVER WAVEFORMS 

The LCD circuit is based on 1/3 bias - 1/3 duty driving. 
Figure 20 shows the common electrode output signal waveforms 
(COM,, COM 2 , COM3), segment signal waveforms (SEG, to 
SEG )7 ) and LCD bias waveforms (between COM and SEG- 
MENT). 
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Figure 19 LCD Circuit System Configuration 
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Figure 20 LCD Driving Waveforms 



■ BIT MANIPULATION 

The MCU has the ability to set or clear any single random 
access memory or input/output bit (except the data direction 
registers) with a single instruction (BSET, BCLR). Any bit in 
the page zero read only memory can be tested, using the BRSET 
and BRCLR instructions, and the program branches as a result 
of its state. This capability to work with any bit in RAM, ROM 
or I/O allows the user to have individual flags in RAM or to 
handle single I/O bits as control lines. 

(Note) 

It is needed to pay attention to the system control register, 
the timer control register, and A/D control register when 
BSET, BCLR, or Read/Modify/Write instructions are applied 
to them. If own interrupt request occured onto the interrupt 
request bit (bit 7) of the control register between read cycle and 
write cycle of these instructions, the bit 7 might be cleared in 
the write cycle and not acknowledged by CPU. 

■ ADDRESSING MODE 

There are 10 addressing modes available to the MCU for 
programming. Familiarize yourself with these modes by reading 
the information and referring to the diagrams that follow. 

• Immediate 

See Figure 21. In immediate addressing mode, constants 
that will not change during execution of a program are accessed. 



The instruction used for that purpose has a length of 2 bytes. 
The effective address (EA) is PC. The operand is fetched from 
the byte that follows the OP code. 

• Direct 

See Figure 22. In direct addressing mode, the address of the 
operand is contained in the second byte of the instruction. 
The user can gain direct access to the LSB 256 of memory. All 
RAM bytes, I/O registers, and 128 bytes of ROM are located 
on page in order to utilize this useful addressing mode. 

• Extended 

See Figure 23. The extended addressing mode is used for 
referencing to all addresses of memory. The EA consists of 
the contents of the two bytes that follow the OP code. The 
instruction used for extended addressing has a length of 3 
bytes. 

• Relative 

See Figure 24. Only Branch instructions are used in relative 
addressing mode. When a branching takes place, the contents 
of the byte next to the OP code are added to the program 
counter. EA = (PC) + 2 + Rel., where Rel. indicates signed 8 bits 
data at the address following the OP code. When no branching 
takes place, Rel. = 0. When a branching occurs, the program 
jumps to any byte of +129 to -127 of the current instruction. 
The length of the Branch instruction is 2 bytes. 
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• Indexed (without Offset) 

See Figure 25. ki this addressing mode, the lower 256 bytes 
of memory are accessed. The length of the instruction used 
for this mode is one byte. The EA consists of the contents of 
the index register. 

• Indexed (8 Bits Offset) 

See Figure 26. The EA consists of the contents of the byte 
following the OP code, and the contents of the index register. 
In this mode, the lower addresses of memory up to 5 1 1 can be 
accessed. Two bytes are required for the instruction. 

• Indexed (16 Bits Offset) 

See Figure 27. The EA consists of the contents of the two 
bytes following the OP code, and the contents of the index 
register. In this mode, the whole of the memory can be access- 
ed. The instruction using this addressing mode has a length of 
3 bytes. 

• Bit Set/Clear 

See Figure 28. This addressing mode can be applied to any 
instruction that permits any bit on page to be set or cleared. 
The byte following the OP code indicates an address within 



page 0. 

• Bit Test, Branch 

See Figure 29. This addressing mode can be applied to in- 
structions that test bits at the first 256 addresses ($00 to $FF) 
and are branched by relative qualification. The byte to be tested 
is addressed by the contents of the address next to the OP code. 
The individual bits of the byte to be tested are designated by 
the lower 3 bits of the OP code. The third byte indicates a 
relative value that is to be added to the program counter when 
a branch condition is satisfied. The instruction has a length 
of 3 bytes. The value of the bit that has been tested is written 
at the carry bit of the condition code register. 

• Implied 

See Figure 30. There is no EA for this mode. All information 
needed for execution of instructions is contained in the OP 
code. Operations that are carried out directly on the accumula- 
tor and index register are included in the implied addressing 
mode. In addition, the SWI and RTI instructions are also in- 
cluded in the group of this operation. The instruction using 
this addressing has a length of one byte. 



PROG LDA # $F8 05BE 
05BF 




Figure 21 Example of Immediate Addressing 
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CAT FCB 32 004B 



PROG LDA CAT 052D 
052E 
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./V 



T 

0000 



Figure 22 Example of Direct Addressing 
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Figure 23 Example of Extended Addressing 



526 



HITACHI 



PROG BEQ PROG2 04A7 
04A8 



Memory 



27 
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0000 



Figure 24 Example of Relative Addressing 
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Figure 25 Example of Indexed (without Offset) Addressing 
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Memory 

i ! 



TABL FCB # BF 0089 
FCB # 86 008A 
FCB # DB 008B 
FCB # CF 008C 



PROG LDA TABL.X 075B 
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CF 
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075D 



CC 



Figure 26 Example of Indexed (8 Bits Offset) Addressing 



PROG LDA TABL.X 0692 
0693 
0694 



TABL FCB # BF 077E 
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FCB # DB 0780 
FCB # CF 0781 
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Figure 27 Example of Indexed (16 Bits Offset) Addressing 
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PORT B EQU 1 0001 



PROG BCLR 6. PORT B 058F 
0590 
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Figure 28 Example of Bit Set/Clear Addressing 
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Figure 29 Example of Bit Test and Branch Addressing 
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EA 
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,/s. 
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Figure 30 Example of Implied Addressing 



■ INSTRUCTION SET 

There arc 59 instructions available to the MCU. They can 
be divided into five groups: Register/Memory, Read/Modify/ 
Write, Branch, Bit Processing, and Control. All of these instruc- 
tions are explained below according to the groups, and are 
summarized in individual tables. 

• Register/Memory 

Most of these instructions use two operands. One operand 
is either the accumulator or index register, while the other is 
acquired from memory using one of the addressing modes. 
No operand of register is available in the unconditional Jump 
(JMP) and Subroutine Jump (JSR) instructions. See Table 4. 

• Read/Modify/Write 

These instructions read a memory address or register, modify 
or test its contents, and writes a new value into the memory or 
register. Negative or Zero instructions (TST) do not provide 
writing, and are exceptions for the Read/Modify /Write. See 
Table 5. 



• Branch 

A Branch instruction will branch from the program sequence 
in progress if the specific branch condition is satisfied. See 
Table 6. 

• Bit Processing 

This instruction can be used for any bit of the first 2S6 
bytes of memory. One group is used for setting or clearing, 
while the other is used for bit testing and branching. See Table 7. 

• Control 

The Control instruction controls the operation of the MCU 
for which a program is being executed. See Table 8. 

• A List of Instructions Arranged in Alphabetical Order 

All instructions are listed in Table 9 in the alphabetical 
order. 

• OP Code Map 

Table 10 shows an OP code map of the instructions used 
with the MCU. 
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Table 4 Register/Memory Instructions 





Addressing Mode 




Immediate 


Direct 


Extended 


Indexed 
(No Offset) 


1 ndexed 
(8-Bit Offset) 


Indexed 
(16-Bit Offset) 


Operation 


Mnemonic 


Op 
Code 


# 
Bytes 


# ] 
Cycles 


Op T 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


Cycles 


Op 
Code 


# ] 
Bytes 


# ' 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Load A from Memory 


LDA 


A6 


2 


2 


B6 


2 


3 


C6 


3 


4 


F6 




2 


E6 


2 


4 


D6 


3 


5 


Load X from Memory 


LDX 


AE 


2 


2 


BE 


, 2 


3 


CE 


3 


4 


FE 




2 


EE 


2 


4 


DE 


3 


5 


Store A in Memory 


STA 


- 


- 


- 


B7 


2 


4 


C7 


3 


5 


F7 




3 


E7 


2 


5 


D7 


3 


6 


Store X in Memory 


STX 


- 


- 


- 


BF 


2 


4 


CF 


3 


5 


FF 




3 


EF 


2 


5 


OF 


3 


6 


Add Memory to A 


ADD 


AB 


2 


2 


BB 


2 


3 


CB 


3 


4 


FB 




2 


EB 


2 


4 


DB 


3 


5 


Add Memory and 
Carry to A 


ADC 


A9 


2 


2 


B9 


2 


3 


C9 


3 


4 


F9 




2 


E9 


2 


4 


D9 


3 


5 


Subtract Memory 


SUB 


AO 


2 


2 


BO 


2 


3 


CO 


3 


4 


FO 




2 


EO 


2 


4 


DO 


3 


5 


Subtract Memory from 
A with Borrow 


SBC 


A2 


2 


2 


B2 


2 


3 


C2 


3 


4 


F2 




2 


E2 


2 


4 


D2 


3 


5 


AND Memory to A 


AND 


A4 


2 


2 


B4 


2 


3 


C4 


3 


4 


F4 




2 


E4 


2 


4 


D4 


3 


5 


OR Memory with A 


ORA 


AA 


2 


2 


BA 


2 


3 


CA 


3 


4 


FA 




2 


EA 


2 


4 


DA 


3 


5 


Exclusive OR Memory 
with A 


EOR 


A8 


2 


2 


B8 


2 


3 


C8 


3 


4 


F8 




2 


E8 


2 


4 


D8 


3 


5 


Arithmetic Compare A 
with Memory 


CMP 


A1 


2 


2 


B1 


2 


3 


CI 


3 


4 


F1 




2 


El 


2 


4 


D1 


3 


5 


Arithmetic Compare X 
with Memory 


CPX 


A3 


2 


2 


B3 


2 


3 


C3 


3 


4 


F3 




2 


E3 


2 


4 


D3 


3 


5 


Bit Test Memory with 
A (Logical Compare) 


BIT 


A5 


2 


2 


B5 


2 


3 


C5 


3 


4 


F5 




2 


ES 


2 


4 


D5 


3 


5 


Jump Unconditional 


JMP 


- 


- 


- 


BC 


2 


2 


CC 


3 


3 


FC 




1 


EC 


2 


3 


DC 


3 


4 


Jump to Subroutine 


JSR 


- 


- 


- 


BD 


2 


4 


CD 


3 


5 


FD 




3 


ED 


2 


4 


DD 


3 


5 



Symbols: Op * Operation 



#= Instruction 



Table 5 Read/Modify /Write Instructions 





Addressing Mode 




Implied (A) 


Implied (X) 


Direct 


Indexed 
(No Offset) 


1 ndexed 
(8-Bit Offset) 


Operation 


Mnemonic 


Op 
Code 


# 
Bytes 


Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


1 ncrement 


INC 


4C 






5C 






3C 


2 


4 


7C 




3 


6C 


2 


5 


Decrement 


DEC 


4A 






5A 






3A 


2 


4 


7A 




3 


6A 


2 


5 


Clear 


CLR 


4F 






5F 






3F 


2 


4 


7F 




3 


6F 


2 


5 


Complement 


COM 


43 






53 






33 


2 


4 


73 




3 


63 


2 


5 


Negate 

(2's Complement) 


NEG 


40 






50 






30 


2 


4 


70 




3 


60 


2 


5 


Rotate Left Thru Carry 


ROL 


49 






59 






39 


2 


4 


79 




3 


69 


2 


5 


Rotate Right Thru Carry 


ROR 


46 






56 






36 


2 
2 


4 


76 




3 


66 


2 


5 


Logical Shift Left 


LSL 


48 






58 






38 


4 


78 




3 


68 


2 


5 


Logical Shift Right 


LSR 


44 






54 






34 


2 


4 


74 




3 


64 


2 


5 


Arithmetic Shift Right 


ASR 


47 






57 






37 


2 


4 


77 




3 


67 


2 


5 


Arithmetic Shift Left 


ASL 


48 






58 






38 


2 


4 


78 




3 


68 


2 


5 


Test for Negative or 
Zero 


TST 


4D 






5D 






3D 


2 


4 


7D 




3 


6D 


2 


5 



Symbols. Op = Operatic 
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Table 6 Branch Instructions 







Relative Addressing Mode 


Operation 


Mnemonic 


Op 
Code 


# 
Bytes 


# 
Cycles 


Branch Always 


BRA 


20 


2 


3 


Branch Never 


BRN 


21 


2 


2 or 3* 


Branch IF Higher 


BHI 


22 


2 


2 or 3* 


Branch IF Lower or Same 


BLS 


23 


2 


2 or 3* 


Branch IF Carry Clear 


BCC 


24 


2 


2 or 3* 


(Branch IF Higher or Same) 


(BHS) 


24 


2 


2 or 3* 


Branch IF Carry Set 


BCS 


25 


2 


2 or 3* 


(Branch IF Lower) 


(BLO) 


25 


2 


2 or 3* 


Branch IF Not Equal 


BNE 


26 


2 


2 or 3* 


Branch IF Equal 


BEQ 


27 


2 


2 or 3* 


Branch IF Half Carry Clear 


BHCC 


28 


2 


2 or 3 * 


Branch IF Half Carry Set 


BHCS 


29 


2 


2 or 3* 


Branch IF Plus 


BPL 


2A 


2 


2 or 3* 


Branch IF Minus 


BMI 


2B 


2 


2 or 3* 


Branch IF Interrupt Mask Bit is Clear 


BMC 


2C 


2 


2 or 3* 


Branch IF Interrupt Mask Bit is Set 


BMS 


2D 


2 


2or3 # 


Branch IF Interrupt Line is Low 


BIL 


2E 


2 


2 or 3* 


Branch IF Interrupt Line is High 


BIH 


2F 


2 


2 or 3* 


Branch to Subroutine 


BSR 


AD 


2 


4 





Symbol: Op = Operation #= Instruction 

> If branched, each instruction will be a 3-cycle instruction. 



Table 7 Bit Processing Instructions 







Addressing Mode 




Bit Set/Clear 


Bit Test and Branch 


Operations 


Mnemonic 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Branch IF Bit n is Set 


BRSETn(n = 7) 


- 


- 


- 


2-n 


3 


4 or 5* 


Branch IF Bit n is Clear 


BRCLRn(n = 7) 


- 


- 


- 


01 + 2- n 


3 


4 or 5 * 


Set Bit n 


BSETn(n = 7) 


10+2- 


n 


2 


4 


- 


- 


- 


Clear Bit n 


BCLRn(n = 7) 


11 + 2 • 


n 


2 


4 


- 


- 


- 



Symbol: Op = Operation #= Instruction 

' If Branched, each instruction will be a 5-cycle instruction. 
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Table 8 Control Instructions 







Implied 


Operation 


Mnemonic 


Op 
Code 


# 
Bytes 


# 
Cycles 


Transfer A to X 


TAX 


97 






Transfer X to A 


TXA 


9F 






Set Carry Bit 


SEC 


99 






Clear Carry Bit 


CLC 


98 






Set Interrupt Mask Bit 


SEI 


9B 






Clear Interrupt Mask Bit 


CLI 


9A 






Software Interrupt 


SWI 


83 




9 


Return from Subroutine 


RTS 


81 




4 


Return from Interrupt 


RTI 


80 




7 


Reset Stack Pointer 


RSP 


9C 




1 


No-Operation 


NOP 


9D 




1 



Symbol: Op = Operation 



#= Instruction 



Table 9 Instruction Set 





Addressing Modes 


Condition Code 


Mnemonic 


Implied 


Imme- 
diate 


Direct 


Ex- 
tended 


Re- 
lative 


Indexed 

(No 
Offset) 


Indexed 
(8 Bits) 


Indexed 
(16 Bits) 


Bit 
Set/ 
Clear 


Bit 
Test & 
Branch 


H 


1 


N 


Z 


C 


ADC 




X 


X 


X 




x 


X 


X 






A 


• 


A 


A 


A 


ADD 




X 


X 


X 




X 


X 


X 






A 


• 


A 


A 


A 


AND 




X 


X 


X 




X 


X 


X 






• 


• 


A 


A 


• 


ASL 


X 




X 






X 


X 








• 


• 


A 


A 


A 


ASR 


X 




X 






X 


X 








• 


• 


A 


A 


A 


BCC 










X 






















BCLR 


















X 














BCS 










X 






















BEQ 










X 






















BHCC 










X 






















BHCS 










X 






















BHI 










X 






















BHS 










X 






















BIH 










X 






















BIL 










X 






















BIT 




X 


X 


X 




X 


X 


X 






• 


• 


A 


A 


• 


BLO 










X 






















BLS 










X 






















BMC 










X 






















BMI 










X 






















BMS 










X 






















BNE 










X 






















BPL 










X 






















BRA 










X 























Symbols for condition code: 
H Half Carry (From Bit 3) 
I Interrupt Mask 
N Negative (Sign Bit) 
Z Zero 



C Carry /Borrow 

A Test and Set if True, Cleared Otherwise 

• Not Affected 



(Continued) 
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Table 9 Instruction Set (Continued) 





Addressing Modes 


Condition Code 


Mnemonic 


Implied 


Imme- 
diate 


Direct 


Ex- 
tended 


Re- 
lative 


Indexed 

(No 
Offset) 


Indexed 
(8 Bits) 


Indexed 
(16 Bits) 


Bit 
Set/ 
Clear 


Bit 
Test & 
Branch 


H 


1 


N 


Z 


C 


BRN 










X 






















BRCLR 




















X 








• 


A 


BRSET 




















X 








• 


A 


BSET 


















X 














BSR 










X 






















CLC 


x 


























• 





CLI 


x 


























• 


• 


CLR 


X 




X 






X 


X 















1 


• 


CMP 




X 


X 


X 




X 


X 


X 










A 


A 


A 


COM 


X 




X 






X 


X 












A 


A 


1 


CPX 




X 


X 


X 




X 


X 


X 










A 


A 


A 


DEC 


X 




X 






X 


X 












A 


A 


• 


EOR 




X 


X 


X 




X 


X 


X 










A 


A 


• 


INC 


X 




X 






X 


X 


I 










A 


A 


• 


JMP 






X 


X 




X 


X 


X 
















JSR 






X 


X 




X 


X 


X 
















LDA 




X 


X 


X 




X 


X 


X 










A 


A 


• 


LDX 




X 


X 


X 




X 


X 


X 










A 


A 


• 


LSL 


X 




X 






X 


X 












A 


A 


A 


LSR 


X 




X 






X 


X 















A 


A 


NEG 


X 




X 






X 


X 












A 


A 


A 


NOP 


X 






























ORA 




X 


X 


X 




X 


X 


X 










A 


A 


• 


ROL 


X 




X 






X 


X 












A 


A 


A 


ROR 


X 




X 






X 


X 












A 


A 


A 


RSP 


X 






























RTI 


X 
























? 


? 


7 


RTS 


X 






























SBC 




X 


X 


X 




X 


X 


X 










A 


A 


A 


SEC 


X 
























• 


• 


1 


SEI 


X 
























• 


• 


• 


STA 






X 


X 




X 


X 


X 










A 


A 


• 


STX 






X 


X 




X 


X 


X 










A 


A 


• 


SUB 




X 


X 


X 




X 


X 


X 










A 


A 


A 


SWI 


X 
























• 


• 


• 


TAX 


X 






























TST 


X 




X 






X 


X 












A 


A 


• 


TXA 


X 































Symbols for condition code: 
H Half Carry (From Bit 3) 
I Interrupt Mask 
N Negative (Sign Bit) 
Z Zero 



C CarryrtJorrow 

A Test and Set if True, Cleared Otherwise 

• Not Affected 

? Load CC Register From Stack 
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Table 10 OP Code Map 





Bit Manipulation 


Branch 


Read/Modify /Write 


Control 


Register/Memory 






Test & 
Branch 


Set/ 
Clear 


Rel 


DIR 


A 


X 


,X1 


,X0 


IMP 


IMP 


IMM 


DIR 


EXT 


,X2 


,X1 


,xo 









1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 


-HIGH 





BRSETO 


BSE TO 


BRA 


NEG 


RTI* 


- 


SUB 





1 


BRCLRO 


BCLRO 


BRN 


- 


RTS* 


- 


CMP 


1 


2 


BRSET1 


BSET1 


BHI 


- 


- 


- 


SBC 


2 


3 


BRCLR1 


BCLR1 


BLS 


COM 


SWI* 


- 


CPX 


3 L 


4 


BRSET2 


BSET2 


BCC 


LSR 


- 


- 


AND 


4 


5 


BRCLR2 


BCLR2 


BCS 


_ 


_ 


- 


BIT 


5 W 


6 


BRSET3 


BSET3 


BNE 




ROR 


- 


- 


LDA 


6 


7 


BRCLR3 


BCLR3 


BEQ 


ASR 


- 


TAX 


- 




STA (+1) 




7 


8 


BRSET4 


BSET4 


BHCC 




LSL/ASL 


- 


CLC 


EOR 


8 


9 


BRCLR4 


BCLR4 


BHCS 




ROL 
DEC 




- 


SEC 


ADC 


9 


A 


BRSET5 


BSET5 


BPL 






- 


CLI 


ORA 


A 


B 


BRCLR5 


BCLR5 


BMI 




- 


- 


SEI 


ADD 


B 


C 


BRSET6 


BSET6 


BMC 


INC 
TST 




- 


RSP 


- 


JMP<-1) 


C 





BRCLR6 


BCLR6 


BMS 




- 


NOP 


BSR* 


JSR(+1) | JSR 


JSRI+1) 


D 


E 


BRSET7 


BSET7 


BIL 


_ 


_ 


_ 


LDX 


E 


F 


BRCLR7 


BCLR7 


BIH 


CLR 


'- 


TXA 


- 


STX(+1) 


F 




3/4 or 5 


2/4 


2/2 or 3 


2/4 


1/1 | 1/1 | 2/5 | 1/3 


1/* 


1/1 


2/2 


2/3 


3/4 \ 3/5 I 2/4 


1/2 





(NOTES) 



"— " is an undefined operation code. 

The figure in the lowest row of each column gives the number of bytes and the cycles needed for the instruction. 

The number of cycles for the asterisked (*) mnemonics is a follows: 

RTI 7 

RTS 4 

SWI 9 

BSR 4 

The parenthesized figure must be added to the cycle count of the associated instruction. 
If the instruction is branched, the cycle count is the larger figure. 
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HD63L05F 

MASK OPTION LIST 



Select one type for each item and check 



DATE OF ORDER 




CUSTOMER 




DEPT. 




ACCEPTED BY 




ROM CODE ID. 




LSI TYPE NO. 


HD63L05F 



(1) OSC OPTION 



Type 

of 
OSC1 


Use 

of 

OSC2 


Condition 


Delay Time of 
Restart (sec.) 







1/16 


1/2 


1 


XTAL 
Option 


Used 


STANDBY 
mode 


Used 


••• 


• •• 






Not Used 










Not used 


STANDBY 
mode 


Used 


*»* 


• •» 






Not Used 










CR 
Option 


Used 


Oscillation 
of OSC1 
at HALT 


Stop 




• •• 


••• 


»•• 


Continue 










Not Used 


Oscillation 
of OSC1 
at HALT 


Stop 


• •• 


••• 


••• 


• ** 


Continue 











' Specify a type of 
OSC option. 

• Crystal option of OSC1 
is not allowed to stop 
at HALT. 

' If OSC2 is not used, 
the Delay Time is not 
acculate. 



(2) I/O OPTION 



Port 


Mask Option 


A 


B 


C 


D 


Ao 










Ai 










A2 










A3 










A4 










As 










Ae 










A? 










Bo 










Bi 










B2 










B3 










B4 










Bs 










B6 










B7 










Co 










Ci 










c 2 










C3 











(3) LCD DRIVER 





Mask Option 


L 


S 


P 


Segment 









Mask options indicated as *** are not available. 
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Pin 


Mask Option 


E 


F 


INT 







Pin 


Mask option 


G 


H 


K 


SEG13/CH6 






• •• 


SEGw/CHs 






••• 


SEG15/CH4 






• •• 


SEGJ6/CH3 






••• 


SEG17/CH2 






••• 


Ois/CHs/Vi 








O19/CH7/V1 









CMOS output without input pull-up PMOS 

CMOS output with input pull-up PMOS 

CMOS output for key scanning 

NMOS open— drain output 

Input without pull-up PMOS 

Input with pull-up PMOS 

A/D Input 

Segment output 

Terminals for LCD display 



* Specify an I/O option for each terminal. 



L : 1/3bias-1/3 duty LCD 
S : Static LCD 
P : Output port 

* Specify a type of LCD driver. 
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(4) 


LCD PIN LOCATION 




































LCD 
Register 


i 


Timing 


Segment Output Terminal 


Output 


COM, 


COM, 


COM, 


SEG, 


SEQ, 


SEG, 


SEG. 


SEG, 


SEG, 


SEG, 


SEG. 


SEG, 


SEG„ 


SEG, 


SEG,, 


SEG,, 


SEG,. 


SEG,, 


SEG,. 


SEG,, 


0„ 


0„ 


LCD1 

















































i 














































2 














































3 














































4 














































T 












































6 














































7 














































LC02 



























-— 























1 






































2 




















._..... 


...._ 








__. 
















3 




































4 








































5 



















- 

























6 






























7 













































LCD3 

















— - 





___. 




....._ 






















T 

















-" 


.._... 


— 


_.__. 












2 






























3 








































4 














































5 














































6 














































LCD4 

















































1 














































2 














































3 














































4 














































S 














































6 














































LCDS 

















































1 















































2 












































3 














































4 














































5 














































6 














































LCD6 

















































1 














































2 














































3 












































4 














































S 














































6 














































LCD 7 

















































1 














































2 














































3 














































4 












































' 


5 














































J>_ 














































LCDS 

















































1 














































2 












































_j 


3 














































WRITE 


O 












































1/4 0SC1 


o 


















I 


i I 


I 












i 



* Specify the multiplex timing and segment terminal for each bit of LC01 to L.CD8. 

* When static or output port is selected, the Multiplex timing is fixed at COMi . 

* If there are unspecified bits, Hitachi specifies them as dummy. 

* 0WRITE is generated when data is written into the LCD1 . 

* 1/4 OSC1 is a quarter of the OSC1 clock speed. When the MCU is in standby mode, it becomes "Low" 
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Evaluation Chip for HD63L05F1 



HD63L05E is a CMOS evaluation chip for the HD63L05F. 
Connecting an external EPROM (HN462732) to the chip, it 
can be operated as a single chip microcomputer HD63L05F. 
Interface signals are 12 bit Address Bus (E ~ E 7 , F ~ F 3 ), 8 
bit Data Bus (D ~ D 7 ) and Chip Enable (CE). 

It is easy to debug the HD63L05F user program with this 
evaluation chip. 

■ FEATURES 

• 3V Power Supply 

• 96 Bytes RAM 

• EPROM (HN462732) Interface 

• LCD Driver 

• 8-bit Programmable Timer with 7-bit Prescaler 

• 8-bit A/D Converter 

• 20 parallel I/O Port 

• Same Instruction Set as HD63L05F 

• NMOS Open-drain Output 

• 100 Pin Flat Package (FP-100) 

■ TERMINALS 

A ~ A 7 : I/O Port 

Bo ~ B 7 : I/O Port 

Co ~ C 3 : I/O Port 

D ~ D 7 : Data Bus (Input) 

E ~ E 7 : Lower 8 bit Address Bus (Output) 

F ~ F 3 : Upper 4 bit Address Bus (Output) 

U/M Test Terminal 

CT/WR : Chip Enable, Read/Write 

LIR Instruction Fetch Signal 

ADCL K : E Clock 

HALT : External clock control signal 

MSET : Connected to Vcc 



PIN ARRANGEMENT 



_[Jlli|fg1^inig1[S1|g1[g 1^li1|g1lill51[i1[51[i1lslfs1[il 



NCE 

xtalE 

NC[T 
EXTAL [T 
NCLT 
NC(T 
VssLL 

HE3[J_ 

NCQO 
SB Qi 

u/mQJ 

NCQ2 

xinQi 

ncQZ 

xoutQ* 

TIMER Qi 
Vcc QI 

VrhHo 
Vm.01 
CCi[m 
CC2QI 

imrji 

VchQI 
CHiQ» 
V, Q7 

NC d 

SEGi7/CH 2 [» 
NC fjo 



HD63L05E0 



y|s|yisJls|ls)|5j|8jl5llsJ|5JlH]l5j|iJlHJL!JliJ|?ll5Jl8| 



x > 1 1 1 1 1 ,: 



2 2 2 



^ >T ~r 5l iC Ul UJ Ul Ui UJ Ul UJ 111 ujuuOOO 
;>;;;» </) ID V) 0> U> V) (/) (AtOUUU 

c5 o (5 (5 c 

NC: No Connection 



to u> </) o> <« 



(Top View) 
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■ BLOCK DIAGRAM 



I HD< 



HD63L05E 



HALT-*— 
LIR « t 

ADCLK-* 

CE. WR"-* 

MSET — — i 



TIMER- 



PRESCALER 
7 



TIMER 
COUNTER 
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HD68P01 MO ,HD68P01 MO-1 

MCU (Microcomputer Unit) 



The HD68P01 is an 8-bit single chip microcomputer unit 
(MCU) which significantly enhances the capabilities or the 
HMCS6800 family of parts. It can be used in production sys- 
tems to allow for easy firmware changes with minimum delay or 
it can be used to emulate the HD6801 for software development. 
If includes 128 bytes of RAM, Serial Communications Interface 
(SCI), parallel I/O and a three function Programmable Timer on 
chip, and 2048 bytes, 4096 bytes or 8192 bytes of EPROM on 
package. It includes an upgrade HD6800 microprocessing unit 
(MPU) while retaining upward source and object code com- 
patibility. Execution times of key instructions have been im- 
proved and several new instructions have been added including 
an unsigned 8 by 8 multiply with 16-bit result. The HD68P0I 
can function as a monolithic microcomputer or can be ex- 
panded to a 65k byte address space. It is TTL compatible and 
requires one +5 volt power supply. A summary of HD68P01 
features includes: 

■ FEATURES 

• Expanded HMCS6800 Instruction Set 

• 8 x 8 Multiply Instruction 

• Serial Communications Interface (SCI) 

• Upward Source and Object Code Compatible with HD6800 

• 16-bit Three-function Programmable Timer 

• Applicable to All Type of EPROM 

4096 bytes; HN482732 A 
8192 bytes; HN482764 

• 128 Bytes of RAM (64 bytes Retainable on Powerdown) 

• 29 Parallel I/O and Two Handshake Control Line 

• Internal Clock Generator with Divide-by-Four Output 

• Full TTL Compatibility 

• Full Interrupt Capability 

• Single-Chip or Expandable to 65k Bytes Address Space 

• Bus compatible with HMCS6800 Family 

■ TYPE OF PRODUCTS 



Type No. 


Bus Timing 


EPROM Type No. 


HD68P01V07 


1 MHz 


HN482732A-30 


HD68P01V07-1 


1.25MHz 


HN482732A-30 


HD68P01M0 


1 MHz 


HN482764-3 


HD68P01M0-1 


1.25MHz 


HN482764-3 



Note) EPROM is not attached to the MCU. 



- The specifications for HD68P01 V07-1 and 
HD68P01M0-1 are preliminary. - 
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(DC-40P) 



■ PIN ARRANGEMENT (Top View) 



HD68P01V07, HD68P01V07-1 



VssLI O 

xtalLT 

EXTALLL 

^£ o Vcc 
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■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage 


V C c # 


-0.3 ~ +7.0 


V 


Input Voltage 


v,„ * 


-0.3 ~ +7.0 


V 


Operating Temperature 


' opr 


~ + 70 


°C 


Storage Temperature 


T«g 


-55 ~+150 


°C 



' With respect to V S s (SYSTEM GND) 

[NOTE] Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating 
conditions. If these conditions are exceeded, it could affect reliability of LSI. 



■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (V C c «5.0V±5%. Vss = 0V, Ta * 



+70°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input "High" Voltage 


RES' 


V,H 




4.0 


- 


Vcc 


V 


Other Inputs* 


2.0 


- 


Vcc 


Input "Low" Voltage 


All Inputs* 


V.l 




-0.3 


- 


0.8 


V 




P40 ~~ P47 


Mini 


Vin =0~2.4V 


- 


- 


0.5 




Input Load Current 


SC, 


- 


- 


0.8 


mA 




EXTAL 


V in =0~V cc 


- 


- 


1.2 




Input Leakage Current 


NMI,IRQ,,RES 


ll.nl 


V in =0~ 5.25V 


- 


- 


2.5 


/iA 


Three State (Offset) 


PlO ~" P|7. P30 ~P37 


HtsiI 


V in = 0.5 ~ 2.4V 


- 


- 


10 


*iA 


Leakage Current 


P20 ~ ^24 


- 


- 


100 




Pjo ~ P37 


V H 


| LOAD = -205/iA 


2.4 


_ 


- 




Output "High"- Voltage 


P40 "~ P 47 , E, SC) , SC2 


•load = -145/uA 


2.4 


- 


- 


V 




Other Outputs 


'loao=-100mA 


2.4 


- 


- 




Output "Low" Voltage 


All Outputs 


Vol 


'load = 1-6 mA 


- 


- 


0.5 


V 


Darlington Drive Current 


P10 ~ P17 


~'oh 


V out =1.5V 


1.0 


- 


10.0 


mA 


Power Dissipation 


Pd 




- 


- 


1200 


mW 


Input Capacitance 


P» ~ P37. P40 ~ P47. SCj 


Cjn 


V in = 0V, Ta = 25°C, 
f = 1.0 MHz 


- 


- 


12.5 j 


pF 


Other Inputs 


- 


- 


12.5 


Vcc Standby 


Powerdown 


v SBB 




4.0 


- 


5.25 


V 


Operating 


V SB 




4.75 


- 


5.25 


Standby Current 


Powerdown 


■SBB 


V SBB = 4.0V 


- 


- 


8.0 


mA 



'Except Mode Programming Levels: See Figure 8. 
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• AC CHARACTERISTICS 
BUS TIMING (Vcc " 5.0V±5%, Vss = OV. Ta = ~ +70°C, unless otherwise noted.) 







Symbol 


Test Condition 


HD68P01V07/M0 


HD68P01V07-1/M0-1 


Unit 


item 


min 


typ 


max 


min 


typ 


max 


Cycle Time 


tcyc 


Fig. 1 
Fig. 2 


1 


- 


10 


0.8 


- 


10 


JUS 


Address Strobe Pulse width "High" 


PWash 


200 


- 


- 


150 


- 


- 


ns 


Address Strobe Rise Time 


*ASr 


5 


- 


50 


5 


- 


50 


ns 


Address Strobe Fall Time 


*ASf 


5 


- 


50 


5 


- 


50 


ns 


Address Strobe Delay Time 


l ASD 


60 


- 


- 


30 


- 


- 


ns 


Enable Rise Time 


t£r 


5 


- 


50 


5 


- 


50 


ns 


Enable Fall Time 


tEf 


5 


- 


50 


5 


- 


50 


ns 


Enable Pulse Width "High" Time 


PW EH 


450 


- 


- 


340 


- 


- 


ns 


Enable Pulse Width "Low" Time 


PWel 


450 


- 


- 


350 


- 


- 


ns 


Address Strobe to Enable Delay Time 


tASED 


60 


- 


- 


30 


- 


- 


ns 


Address Delay Time 


1 AD 


- 


- 


260 


- 


- 


260 


ns 


Address Delay Time for Latch (f = 1.0MHz) 


l ADL 


- 


- 


270 


- 


- 


260 


ns 


Data Set-up Write Time 


tpSW 


225 


- 


- 


115 


- 


- 


ns 


Data Set-up Read Time 


toSR 


80 


- 


— 


70 


- 


- 


ns 


Data Hold Time 


Read 


*HR 


10 


- 


- 


10 


- 


- 




Write 


l HW 


20 


- 


- 


20 


- 


- 




Address Set-up Time for Latch 


tASL 


60 


- 


- 


50 


- 


- 


ns 


Address Hold Time for Latch 


l AHL 


20 


- 


- 


20 


- 


- 


ns 


Address Hold Time 


*AH 


20 


- 


- 


20 


- 


- 


ns 


Peripheral Read 


Non-Multiplexed Bus 


^accn) 


- 


- 


(610) 


- 


- 


(420) 


ns 


Access Time 


Multiplexed Bus 


(IaCCm) 


- 


- 


(600) 


- 


- 


(420) 


Oscillator stabilization Time 


tRC 


Fig. 11 
Fig. 12 


100 


- 


- 


100 


- 


- 


ms 


Processor Control Set-up Time 


tpcs 


200 


- 


- 


200 


- 


- 


ns 



PERIPHERAL PORT TIMING (V C c * 5.0V ±5%, Vss = 0V, Ta * ~ +70°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Peripheral Data Setup Time 


Port 1,2, 3.4 


tpDsu 


Fig. 3 


200 


- 


- 


ns 


Peripheral Data Hold Time 


Port 1,2, 3, 4 


tpoH 


Fig. 3 


200 


- 


- 


ns 


Delay Time, Enable Positive Transition 
to OS3 Negative Transition 


toSD1 


Fig. 5 


- 


- 


350 


ns 


Delay Time, Enable Positive Transition 
to 0"S3 Positive Transition 


toSD2 


Fig. 5 


- 


- 


350 


ns 


Delay Time, Enable Negative 
Transition to Peripheral Data 
Valid 


Port 1,2*, 3, 4 


tpWD 


Fig. 4 


- 


- 


400 


ns 


Delay Time, Enable Negative 
Transition to Peripheral 
CMOS Data Valid 


* 

Port 2**, 4 


l CMOS 


Fig. 4 


- 


- 


2.0 


A« 


Input Strobe Pulse Width 


tpwis 


Fig. 6 


200 


- 


- 


ns 


Input Data Hold Time 


port 3 


t|H 


Fig. 6 


50 


- 


- 


ns 


Input Data Set-up Time 


Port 3 


t.s 


Fig. 6 


20 


- 


- 


ns 



'Except P 21 



'10kft pull up register required for Port 2 
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TIMER. SCI TIMING (V C c - 5.0V ±5%, Vss = 0V. Ta = ~ +70°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Timer Input Pulse Width 


tpWT 




2^+200 


- 


- 


ns 


Delay Time, Enable Positive Transition to 
Timer Out 


Hod 


Fig. 7 


- 


- 


600 


ns 


SCI Input Clock Cycle 


tscyc 




1 


- 


- 


tcyc 


SCI Input Clock Pulse Width 


tpwSCK 




0.4 


- 


0.6 


tscyc 



MODE PROGRAMMING (V C c = 5.0V ±5%, Vss - 0V, Ta = ~ +70°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Mode Programming Input "Low" Voltage 


V MPL 


Fig. 8 


- 


- 


1.7 


V 


Mode Programming Input "High" Voltage 


Vmph 


4.0 


- 


- 


V 


RES "Low" Pulse Width 


PWrstl 


3.0 


- 


- 


*cyc 


Mode Programming Set-up Time 


tlVtPS 


2.0 


- 


- 


tcyc 


Mode Programming 


RES Rise Time ^ Ifis 


Wh 





- 


- 




Hold Time 


RES Rise Time < 1/w 


100 


- 


- 





Address Strobe 

(AS) 



Enable 
(E) 



R/W .Ar-Ais 
(SC4 (Port4) 



MCU Write 
D n ~D,,A () ~A, 
(Port 3) 



MCU Read 
O ~O,.A ~A 7 
(Port 3» 




\ 7 rnr->- -c 

\ / Address V / 

/ *&J \ 



Data Valid 



> 7 T2V >r T»-2.0V *r 
( 0r $$ ) ( 0«.V-id. \ 



"('accm' - 



> 



«-'hb 
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Figure 1 Expanded Multiplexed Bus Timing 
# HITACHI 
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MCU Write 
0,~D, 
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MCU Read 
(Port 3) 



'ad- 



2 2Vt C 
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HD68P01V07, HD68P01V07-1, HD68P01M0, HD68P01M0-1 

— tcyc 



PW EH - 



-tEr 



Address Valid 



2.2VtC 

o.ev^ 



tOSR- 



-tEf 



> 



> 



2.0V - f- J r 

/ Data Valid \ 

08V \ T 



■'hr 



Figure 2 Expanded Non-Multiplexed Bus Timing 



p ~ p 

p ~ p 

p ~ p 

Inputs 

P ~ P 

r » r si 

Inputs* 



' MCU Read 



»POSU 



2.4V jt " ' ' 

F3— ' 



VOi 
tPOM 6 — 



X-2.0V 
.6av 



«posu 



2.0V 
0.8V 



X 



Data Valid 



'PDH 



•Port 3 Non-Latched Operation (LATCH ENABLE = 0) 

Figure 3 Data Set-up and Hold Times 
(MCU Read) 



All Data 
Port Outputs 



r 



MCU Write 



0.5V V / 



-'CMOS — ► 
-'pwo— * 



3C 



0.7 V r 



2.2V 
0.6V 



Data Valid 



(NOTE) 1 . 10 kfi Pullup resistor required for Port 2 to reach 0.7 V C c 

2. Not applicable to Pj i 

3. Port 4 cannot be pulled above Vqc 

Figure 4 Port Data Delay Timing 
(MCU Write) 



■ MCU access of Port 3* 



Address 
Bus 



($0006) 



X 



0S3< 



\_T/ 



X 



*-t S01 



0.6V 



\ 



-* h-»OSD2 



J 



2 2V 



'Access matches Output Strobe Select (OSS - 0, a read; 
OSS » 1 , a write) 

Figure 5 Port 3 Output Strobe Timing 
(Single Chip Mode) 



P je ~P„ 2.0V 
Inputs Q.8V 



HITACHI 



3 g 0.8V J ^qbv 



tpwis— * 

*-'lH* 






2.0V 
0.8V 



Figure 6 Port 3 Latch Timing 
(Single Chip Mode) 
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Timer 
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X 



Output Compare 
Matched 



X 



•'too* 



>2 



Figure 7 Timer Output Timing 
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3 r- 0.8V 0.8V J fc 



_VH3 f 



■4.0V 



*MPH 






Figure 8 Mode Programming Timing 



Test Point O- 



== 30pF 



777 



Test Point O"" 



R L =2.2kn 




(a) CMOS Load 



C = 90pF for P, ~P„ ,P,„~P 4 ,.E.SC,,SC I 

» 30 pF for P,„ ~P 17 .P I „~P„ 
R = 12 kll for P3o~P 3 7.P.„~P.,. E,SC,.SC, 

' 24 kfi for P, ~P,-.P,n~ P i. 

(b) TTL Load 



Figure 9 Bus Timing Test Loads 



■ INTRODUCTION 

The HD68P01 is an 8-bit monolithic microcomputer which 
can be configured to function in a wide variety of applica- 
tions. The facility which provides this extraordinary flexibility 
is its ability to be hardware programmed into eight different 
operating modes. The operating mode controls the configura- 
tion of 18 of the MCU's 40 pins, available on-chip resources, 
memory map, location (internal or external) of interrupt 
vectors, and type of external bus. The configuration of the re- 
maining 22 pins is not dependent on the operating mode. 

Twenty-nine pins are organized as three 8-bit ports and one 
5-bit port. Each port consists of at least a Data Register and a 
write-only Data Direction Register. The Data Direction Register 
is used to define whether corresponding bits in the Data Regis- 
ter are configured as an input (clear) or output (set). 

The term "port", by itself, refers to all of its associated hard- 
ware. When the port is used as a "data port" or "I/O port", it is 
controlled by its Data Direction Register and the programmer 
has direct access to its pins using the port's Data Register. Port 
pins are tabled as Pij where i identifies one of four ports and j 
indicates the particular bit. 

The Microprocessor Unit (MPU) is an enhanced HD6800 
MPU with additional capabilities and greater throughput. It is 
upward source and object code compatible with the HD6800. 
The programming model is depicted in Figure 10 where Ac- 
cumulator D is a concatenation of Accumulators A and B. A 
list of new operations added to the HMCS6800 instruction set 
are shown in Table 8. 

The basic difference between the HD6801 and the HD68P01 
is that the HD680! has an on-chip ROM while the HD68P01 has 



an on the package EPROM. The HD68P01 is pin and code com- 
patible with the HD6801 and can be used to emulate the 
HD6801, allowing easy software development using the on- 
package EPROM. Software developed using the HD68P01 can 
then be masked into the HD6801 ROM. 



7 
15 


A 


4|7 

D 


B 








I" 




X 




o 




M 




SP 




o 




lli_ 




PC 




° 



7 
|1|1|H| |N|Z|V|C| 


,i 


j_i 







8-Bit Accumulators 
A and B 

Or 16-Bit Double 
Accumulator D 

OJ Index Register (X) 
01 Stack Pointer (SP) 



Program Counter (PC) 

Condition Code 
Register (CCR) 

Carry/Borrow from MSB 

Overflow 

Zero 

Negative 

Interrupt 

Half Carry (From Bit 3) 



Figure 10 HD68P01 Programming Model 
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■ INTERRUPTS 

The MCU supports two types of interrupt req uests : maskable 
and non-maskable. A Non-Maskable Interrupt (NMI) is always 
recognized and acted upon at the completion of the current 
instruction. Maskable interrupts are controlled by the Condition 
Code Register's I-bit and by individual enable bits. The I-bit 
controls all maskabl e inte rrup ts. O f the maskable interrupts, 
there are two types: IRQi and 1RQ 2 . The Program mable Timer 
and Serial Communications Interface use an internal IRQ 2 inter- 
rupt line, as shown in BLOC K DIAGRAM. External d evices 
(and 153) use IRQi . An IRQ, interrupt is serviced before IRQ 2 
if both are p ending. 

All IRQj interrupts use hardware prioritized vectors. The 
single SCI interrupt and three timer interrupts are serviced in a 
prioritized order where each is vectored to a separate location. 
All MCU interrupt vector locations are shown in Table 1 . 

The Interrupt flowchart is depicted in Figure 1 3 and is com- 
mon to every MCU interrupt excluding Reset. The Program 
Counter, Index Register, A Accumulator, B Accumulator, and 
Condition Code Register are pushed to the stack. The I-bit is 



set to inhibit maskable interrupts and a vector is fetched cor- 
responding to the current highest priority interrupt. The vector 
is transferred to the Progr am C ounter and instruction execution 
is resumed. Interrupt and RES timing is illustrated in Figure 1 1 
and 12. 



Table 1 Interrupt Vector Locations 


MSB 


LSB 


Interrupt 


FFFE 


FFFF 


RES 


FFFC 


FFFD 


NMl 


FFFA 


FFFB 


Software Interrupt (SWI) 


FFF8 


FFF9 


IRQ, (or IS3) 


FFF6 


FFF7 


ICF (Input Capture) 


FFF4 


FFF5 


OCF (Output Compare) 


FFF2 


FFF3 


TOF (Timer Overflow) 


FFFO 


FFF1 


SCI (RDRF+ORFE + TDRE) 



Lait Imtruction 



■ 7 «8 *$ *10 «11 m\2 



XZXZDC 



Op Code Op Code SPIn) SPIn II SPIn 21 SP(n 3) SP(n-4) SPIn 5) SPIn-6) SP(n-7) Veclot Vector New PC 

Addr Addr MSB Addi LSB Addr Addren 



►| (*— "CS 



Internal 



Dat 



let nai ^j V V V V V V V" 

. BlJ , X ■* ■* A A A A. A — 

OpCode OpCode PC0-PC7 PCB-PC15 X0-X7 X8-X1S ACCA ACCB CCR Irtelevam Vtctor Vector Firsllnstot 

Data MSB LSB Interrupt Routine 



Internal H/W \^ 

* IRQi; Internal Interrupt 



X V V V V 

* A A A 

lrr< " ■ 

r 



Figure 11 Interrupt Sequence 
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Figure 12 Reset Timing 
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I 
o 

O) 
00 

TJ 

o 

< 

o 

X 

o 

OS 
CO 

-o 
o 

< 

o 



o 
o> 

CD 

TJ 
O 



I 

a 

o 

CO 

-o 
o 



|-*-ITMP 



f 



ITMP 



Vector -»■ PC 


NMl 


FFFC:FFFD 


SWI 


FFFA:FFFB 


TRQi 


FFF8:FFF9 


ICF 


FFF6:FFF7 


OCF 


FFF4:FFF5 


TOF 


FFF2:FFF3 


SCI 


FFF0:FFF1 



3 



Non-Maskable Interrupt 
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Figure 13 Interrupt Flowchart 
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■ FUNCTIONAL PIN DESCRIPTIONS 

• V cc and V ss 

Vcc and Vgs provide power to a large portion of the MCU. 
The power supply should provide +5 volts (±5%) to Vcc, and 
Vss should be tied to ground. Total power dissipation (includ- 
ing Vcc Standby), will not exceed Prj milliwatts. 

• Vcc Standby 

Vcc Standby provides power to the standby portion ($80 
through $BF) of the RAM and the STBY PWR and RAME bits 
of the RAM Control Register. Voltage requirements depend on 
whether the MCU is in a powerup or powerdown state. In the 
powerup state, the power supply shou ld provide +5 volts (±5%) 
and must reach Vsb volts before RES reaches 4.0 volts. During 
powerdown, Vcc Standby must remain above Vsbb (min) to 
sustain the standby RAM and STBY PWR bit. While in power- 
down operation, the standby current will not exceed Isbb- 

It is typical to power both Vcc and Vcc Standby from the 
same source during normal operation. A diode must be used 
between them to prevent supplying power to Vcc during 
powerdown operation. Vcc Standby should be tied to either 
ground or Vcc in Mode 3. 



Vcc Standby O- 



I 



<)4 O Power Li i 



Figure 14 Battery Backup for V cc Standby 

• RAM Control Register ($14) 

The RAM Control Register includes two bits which can be 
used to control RAM accesses and determine the adequacy of 
the standby power source during powerdown operation. It is 
intended that RAME be cleared and STBY PWR be set as part 
of a powerdown procedure. 

RAM Control Register 
7 6 5 4 3 2 10 



STBY 
PWR 


RAME 


X 


X 


X 


X 


X 


X 



Bit 0~5 Not Used 
Bit 6 RAME 



RAM Enable. This Read/Write bit can be 
used to remove the entire RAM from the 
internal memory map. RAME is set (en- 
abled) during Reset provided standby 
powe r is available on trie positive edge of 
RES. If RAME is clear, any access to a 
RAM address is external. If RAME is set 
and not in Mode 3, the RAM is included 
in the internal map. 

Standby Power. This bit is a Read/Write 
status bit which is cleared whenever Vcc 
Standby decreases below Vsbb (min). It 
can be set only by software and is not 
affected by RES. 



XTAL and EXTAL 

These two input pins interface either a crystal or TTL corn- 



Bit 7 STBY PWR 



patible clock to the MCU's internal clock generator. Divide-by- 
four circuitry is included which allows use of the inexpensive 
3.58 MHz Color Burst TV crystals. A 22 pF capacitor is requir- 
ed from each crystal pin to ground to ensure reliable startup and 
operation. Alternatively, EXTAL may be driven with an ex- 
ternal TTL compatible clock with a duty cycle of 50% (±10%) 
with XTAL connected to ground. 

The internal oscillator is designed to interface with an AT-cut 
quartz crystal resonator or a ceramic resonator operated in par- 
allel resonance mode in the frequency range specified for 3.2 ~ 
4 MHz. The crystal should be mounted as close as possible to 
the input pins to minimize output distortion and startup stabili- 
zation time. The MCU is compatible with most commercially 
available crystals and ceramic resonators and nominal crystal 
parameters are shown in Figure 15. 

• RES 

This input is used to reset the MCU's internal sta te and pro- 
vide an orderly startup procedure. During powerup, RES must 
be held below 0.8 volts: (1) at least tRc after Vcc reaches 4.75 
volts in order to provide sufficient time for the clock gene rator 
to stabilize, and (2) until Vcc Standby reaches 4.75 volts. RES 
must be held low at least three E-cycles if asserted during pow- 
erup operation. 

When a "High" level is detected, the MCU does the following: 

1 ) All the higher order address lines will be forced "High". 

2) I/O Port 2 bits, 2, 1, and are latched into programmed 
control bits PC2, PCI and PC0. 

3) The last two (SFFFE, SFFFF) locations in memory will 
be used to load the program addressed by the program 
counter. 

4) The interrupt mask bit is set; must be cleared before the 
CPU can recognize maskable interrupts. 

• E (Enable) 

This is an output clock used primarily for bus synchroniza- 
tion. It is TTL compatible and is the slightly skewed divide-by- 
four result of the MCU input frequency. It will drive one 
Schottky TTL load and 90 pF, and all data given in cycles is re- 
ferenced to this clock unless otherwise noted. 

• NM I (No n-Maskable Interrupt) 

An NMI negative edge request an CPU interrupt sequence, 
but the current instruction will be completed before it responds 
to the request. The CPU will then begin an interrupt sequence. 
Finally, a vector is fetched from SFFFC and SFFFD, trans- 
ferred t o th e Program Counter and instruction execution re- 
sumes. NMI typically requ ires a 3.3 kJ2 (nomin al) re sistor to 
Vcc- There is no internal NMI pullup resistor. NMI must be 
held low for at least one E-cycle to be recognized under all 
conditions. 

• IRQl (Maskable Interrupt Request 1) 

IRQi is a level-sensitive input which can be used to request 
an interrupt sequence. The CPU will complete the current in- 
struction before it responds to the request. If the interrupt mask 
bit (I-bit) in the Condition Code Register is clear, the CPU will 
begin an interrupt sequence. Finally, a vector is fetched from 
SFFF8 and SFFF9, transferred to the Program Counter, and 
ins truct ion execution is resumed. 

IRQ, typically requires an external 3.3 k S2 (nominal) resis- 
tor to Vcc f° r wire-OR application. IRQ, has no internal 
pullup resistor. 
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• SCi and SC2 (Strobe Control 1 and 2) 

The function of SC t and SC 2 depends on the operating 
mode. SCi is configured as an output in all modes except 
single chip mode, whereas SC 2 is always an output. SC ( and 
SC 2 can drive one Schottky load and 90 pF. 

SCi and SC2 in Single Chip Mode 

In Single Chip Modes, SC t and SC 2 are configured as an in- 
put and output, respectively, and both function as Port 3 con- 
trol lines. SC| functions as IS3 and can be used to indicate that 
Port 3 input data is ready or output data has been accepted. 
Three options associated with IS3 are controlled by Port 3's 
Control and Status Register and are discussed in Port 3's des- 
cription. If unused, IS3 c an re main unconnected. 

SC 2 is configured as OS3 and can be used to strobe output 
data or acknowledge input data. It is controlled by Output 
Strobe Select (OSS) in Port 3's Control and Status Register. The 
strobe is generated by a re ad (OSS= 0) or write (OSS = I ) to 
Port 3's Data Register. OS3 timing is shown in Figure 5 . 

Nominal Crystal Parameter 



^*^v. Crystal 
Item ^^\_ 


4 MHz 


5 MHz 


Co 


7 pF max. 


4.7 pF max. 


R s 


60ft max. 


30ft typ. 



XTAL 




C|_1 = C|_2 = 22pF ±20% 
(3.2 ~ 5 MHz) 

(Note) These are representative 
AT cut parallel resonance 
crystal parameters. 

: L1 



SCi and SC2 in Expanded Non-Multiplexed Mode 

In the Expanded Non-Multiplexed Mode, both SC) and SC 2 
are c onfigured as outputs> SCi functions as Input/Output Select 
(IOS) and is asserted only when $0100 through S01FF is sensed 
on the internal address bus. 

SC 2 is configured as Read/Write and is used to control the 
direction of data bus transfers. An CPU read is enabled when 
Read/Write and E are high. 

SCi and SC2 in Expanded Multiplexed Mode 

In the Expanded Multiplexed Modes, both SCi and SC 2 are 
configured as outputs. SCi functions as Address Strobe and can 
be used to demultiplex the eight least significant addresses and 
the data bus. A latch controlled by Address Strobe captures ad- 
dress on the negative edge, as shown in Figure 20. 

SC 2 is configured as Read/Write and is used to control the 
direction of data bus transfers. An CPU read is enabled when 
Read/Write and E are high. 
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• PORTS 

There are four I/O ports on the MCU; three 8-bit ports and 
one 5-bit port. There are two control lines associated with one 
of the 8-bit ports. Each port has an associated write only Data 
Direction Register which allows each I/O line to be programmed 
to act as an input or an output. A "I" in the corresponding 
Data Direction Register bit will cause that I/O line to be an out- 
put. A "0" in the corresponding Data Direction Register bit will 
cause the I/O line to be an input. There are four ports: Port 1 . 
Port 2, Port 3, and Port 4. Their addresses and the addresses of 
their Data Direction registers are given in Table 2. 

Table 2 Port and Data Direction Register Addresses 



Ports 


Port Address 


Data Direction 
Register Address 


I/O Port 1 
I/O Port 2 
I/O Port 3 
I/O Port 4 


$0002 
$0003 
$0006 
$0007 


$0000 
$0001 
$0004 
$0005 



• Pio~Pl7<PortD 

Port 1 is a mode independent 8-bit I/O port where each line 
is an input or output as defined by its Data Direction Register. 
The TTL compatible three-state output buffers can drive one 
Schottky TTL load and 30 pF, Darlington transistors, or CMOS 
devices using exter nal pullup resistors. It is configured as a data 
input port by RES. Unused lines can remain unconnected. 

• Pao~P» (Port 2) 

Port 2 is a mode independent S-bit I/O port where each line 
is configured by its Data Direction Register. During RES, all 
lines are configured as inputs. The TTL compatible three-state 
output buffers can drive one Schottky TTL load and 30 pF or 
CMOS devices using external pullup resistors. P 20 , P21 and P 22 
must always be connected to provide the operating mode.. If 
lines Pj3 and P 24 are unused, they can remain unconnected. 

Pjoi 1*2 1 > and Pjj provide the operating mode which is 
lat ched into the Program Control Register on the positive edge 
of RES. The mode may be read from Port 2 Data Register as 
shown where PC2 is latched from pin 10. 

Port 2 also provides an interface for the Serial Communica- 
tions Interface and Timer. Bit 1 , if configured as an output, is 
dedicated to the timer's Output Compare function and cannot 
be used to provide output from Port 2 Data Register. 



$0003 



• P30-P37 (Port 3) 

Port 3 can be configured as an I/O port, a bidirectional 8-bit 
data bus, or a multiplexed address/data bus depending on the 
operating mode. The TTL compatible three-state output buffers 
can drive one Schottky TTL load and 90 pF. Unused lines can 
remain unconnected. 

Port 3 in Single-Chip Mod* 

Port 3 is an 8-bit I/O port in Single-Chip Mode where each 
line is configured by its Data Direction Register. There are also 



7 


6 


5 


Port 2 Data Register 
4 3 2 1 





PC2 


PC1 


PC0 


P24 


P23 


P22 


P21 


P20 



IS3 
Flag 


IS3 
IRQi 
Enable 


X 


OSS 


Latch 
Enable 


X 


X 


X 



two lines, IS3 and OS3, which can be used to control Port 3 
data transfers. 

Three Port 3 options are controlled by the Port 3 Control 
and Status Register and available only in Single-Chip Mode: (1) 
Port 3 i nput data can be latched using IS3 as a control signal, 
(2) OS3 can be generated by eithe r an CPU read or write to 
Port 3's Data Register, and (3) an IRQi interrupt can be en- 
abled by an IS3 negative edge. Port 3 latch timing is shown in 
Kigure 6. 

Port 3 Control and Status Register 
7 6 5 4 3 2 10 



WOOF 



Bit 0~2 Not used. 

Bit 3 LATCH ENABLE. This bit controls the in- 

put latch for Port 3. If set, input data is 
latched by an IS3 negative edge. The latch 
is transparent after a read of Port 3's Data 
Register. LATCH ENABLE is cleared by 
RES. 

Bit 4 OSS (Output Strobe Select). This bit deter- 

mines whether 0S3 will be generated by a 
read or write of Port 3's Data Register. 
When clear, the strobe is generated by a 
read; when set, i t is g enerated by a write. 
OSS is cleared by RES. 

Bit 5 Not used. 

Bit 6 IS3 IRQ, ENABLE. When set, an IRQ, 

interrupt will be enabled whenever IS5 
FLAG is set; when clear, the inter rupt is 
inhibited. This bit is cleared by RES. 

Bit 7 IS3 FLAG. This read-only status bit is set 

by an IS3 negative edge. It is cleared by a 
read of the Port 3 Control and Status 
Register (with 1S3 FLAG set) followed by 
a r ead o r write to Port 3's Data Register or 
by RES. 

Port 3 in Expanded Non-Multiplexed Mode 

Port 3 is configured as a bidirectional data bus (D ~D 7 ) in 
the Expanded Non-Multiplexed Mode. The direction of data 
transfers is controlled by Read/Write (SC 2 ) and clocked by E 
(Enable). 

Port 3 in Expanded Multiplexed Mode 

Port 3 is configured as a time multiplexed address (A ~A 7 ) 
and data bus (D ~D 7 ) in Expanded Multiplexed Mode where 
Address Strobe (AS) can be used to demultiplex the two buses. 
Port 3 is held in a high impedance state between valid address 
and data to prevent potential bus conflicts. 

• Pao~P47 (Port 4) 

Port 4 is configured as an 8-bit I/O port, address outputs, or 
data inputs depending on the operating mode. Port 4 can drive 
one Schottky TTL load and 90 pF and is the only port with 
internal pullup resistors. Unused lines can remain unconnected. 

Port 4 in Single Chip Mode 

In Single Chip Mode, Port 4 functions as an 8-bit I/O port 
where each line is configured by its Data Direction Register. 
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Internal pullup resistors allow the port to directly interface with 
CMOS at 5 volt levels. External pullup resistors to more than 5 
volts, however, cannot be used. 

Port 4 in Expanded Non-Mult iplexe d Mode 

Port 4 is configured from RES as an 8-bit input port where 
its Data Direction Register can be written to provide any or all 
of address lines, A to A 7 . Internal pullup resistors are intend- 
ed to pull the lines high until its Data Direction Register is 
configured. 

Port 4 in Expanded Multiplexed Mode 

In all Expanded Multiplexed modes except Mode 6, Port 4 
functions as half of the address bus and p rovides A 8 to A 1S . In 
Mode 6, the port- is configured from RES as an 8-bit parallel in- 
put port where its Data Direction Register can be written to 
provide any or all of address lines, A 8 to Ai 5 . Internal pullup 
resistors are intended to pull the lines high until its Data Direc- 
tion Register is configured where bit controls A 8 . 

■ OPERATING MODES 

The MCU provides eight different operating modes which are 
selectable by hardware programming and referred to as Mode 
through Mode 7. The operating mode controls the memory 
map, configuration of Port 3, Port 4, SC, , SC 2 ,and the physical 
location of interrupt vectors. 

• Fundamental Modes 

The MCU's eight modes can be grouped into three funda- 
mental modes which refer to the type of bus it supports: Single 
Chip, Expanded Non-Multiplexed, and Expanded Multiplexed. 
Single chip modes include 4 and 7, Expanded Non-Multiplexed 
is Mode 5 and the remaining five are Expanded Multiplexed 
modes. Table 3 summarizes the characteristics of the operating 
modes. 

Single Chip Modes (4, 7) 

In Single-Chip Mode, the MCU's four ports are configured as 
parallel input/output data ports, as shown in Figure 16. The 
MCU functions as a monolithic microcomputer in these two 
modes without external address or data buses. A maximum of 
29 I/O lines and two Port 3 control lines are provided- In ad- 
dition to other peripherals, another MCU can be interfaced to 
Port 3 in a loosely coupled dual processor configuration, as 
shown in Figure 17. 

In Single-Chip Test Mode (4), the RAM responds to $XX80 
through SXXFF and the ROM is removed from the internal ad- 
dress map. A test program must first be loaded into the RAM 
using modes 0, 1,2, or 6. If the MCU is Reset and then pro- 
grammed into Mode 4, execution will begin at SXXFE: XXFF. 
Mode 5 can be irreversibly entered from Mode 4 without going 
through Reset by setting bit 5 of Port 2's Data Register. This 
mode is used primarily to test Ports 3 and 4 in the Single-Chip 
and Non-Multiplexed Modes. 

Expanded Non-Multiplexed Mode (5) 

A modest amount of external memory space is provided in 
the Expanded Non-Multiplexed Mode while retaining signifi- 
cant on-chip resources. Port 3 functions as an 8-bit bidirectional 
data bus and Port 4 is configured as an input data port. Any 
combination of the eight least-significant address lines may be 
obtained by writing to Port 4's Data Direction Register. Stated 
alternatively, any combination of A to A 7 may be provided 
while retaining the remainder as input data lines. Internal pull- 



up resistors are intended to pull Port 4's lines high until it is 
configured. 

Figure 18 illustrates a typical system configuration in the 
Expanded Non-Multiplexed Mode. The MCU interfaces directly 
with HMCS6800 family parts and can acce ss 25 6 bytes of 
external address space at $1 00 through $1FF. IOS provides an 
address decode of external memory ($100-$ IFF) and can 
be used similarly to an address or chip select line. 

Table 3 Summary of HD6800 Operating Modes 

Common to all Modes: 

Reserved Register Area 

Port 1 

Port 2 

Programmable Timer 

Serial Communication Interface 

Single Chip Mode 7 

1 28 bytes of RAM; 2048 bytes of ROM 

Port 3 is a parallel I/O port with two control lines 

Port 4 is a parallel I/O port 

SCi is Input Strobe 3 (I S3) 

SC 2 is Output Strobe 3 (OS3) 

Expanded Non-Multiplexed Mode 5 
128 bytes of RAM; 2048 bytes of ROM 
256 bytes of external memory space 
Port 3 is an 8-bit data bus 
Port 4 is an input port/addre ss bu s 
SC| is Input/Output Select (IOS) 
SC 2 is read/write (R/W) 

Expanded Multiplexed Modes 1, 2, 3, 6 

Four memory space options (65k address space) : 

(1) No internal RAM or ROM (Mode 3) 

(2) Internal RAM, no ROM (Mode 2) 

(3) Internal RAM and ROM (Mode 1 ) 

(4) Internal RAM, ROM with partial address bus (Mode 6) 
Port 3 is a multiplexed address/data bus 

Port 4 is an address bus (inputs/address in Mode 6) 

SCi is Address Strobe JAS) 

SC 2 is Read/Write (R/W) 

Test Modes and 4 
Expanded Multiplexed Test Mode 

May be used to test RAM and ROM 
Single Chip and Non-Multiplexed Test Mode 4 

(1 ) May be changed to Mode 5 without going through Reset 

(2) May be used to test Ports 3 and 4 as I/O ports 



Expanded-Multiplexed Modes (0, 1 , 2, 3, 6) 

In the Expanded-Multiplexed Modes, the MCU has the ability 
to access a 65k bytes memory space. Port 3 functions as a time 
multiplexed address/data bus with address valid on the negative 
edge of Address Strobe (AS) and the data bus valid while E is 
high. In Modes to 3, Port 4 provides address line s A 8 to A| s . 
In Mode 6, however, Port 4 is configured during RES as data 
port inputs and the Data Direction Register can be changed to 
provide any combination of address lines, A 8 to A] s . Stated 
alternatively, any subset of A 8 to Ai S can be provided while 
retaining the remainder as input data lines. Internal pullup 
resistors are intended to pull Port 4's lines high until software 
configures the port. 

Figure 19 depicts a typical configuration for the Expanded- 
Multiplexed Modes. Address Strobe can be used to control a 
transparent D-type latch to capture addresses Ao to A 7 , as 
shown in Figure 20. This allows Port 3 to function as a Data Bus 
when E is high. 

In Mode 0, the Reset vector is ex ternal for the first two E- 
cycles after the positive edge of RES and internal thereafter. In 
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addition, the internal and external data buses are connected and 
there must be no memory map overlap to avoid potential bus 
conflicts. Mode is used primarily to verify the ROM pattern 



and monitor the internal data bus with the automated test 
equipment. 
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Figure 16 Single Chip Mode 
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Figure 17 Single Chip Dual Processor Configuration 
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Figure 18 Expanded Non-Multiplexed Configuration 
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' Data: D ~ D 7 



Function Table 
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L 
L 
L 
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Figure 20 Typical Latch Arrangement 



• Programming The Mode 

The operating mode is programmed by the levels asserted on 
P12 , P21 , and Pjo which are latched into PC2, PCI , and PCO of 
the program control register on the positive edge of RES. The 
operating mode may be read from Port 2 Data Register as 
shown below, and programming levels and timing must be met 
as shown in Figure 8. A brief outline of the operating modes is 
shown in Table 4. 



Circuitry to provide the programming levels is dependent 
primarily on the normal system usage of the three pins. If con- 
figured as outputs, the circuit shown in Figure 21 may be used; 
otherwise, three-state buffers can be used to provide isolation 
while programming the mode. 



Port 2 Data Register 
5 4 3 2 1 



PC2 


PCI 


PCO 


P24 


P23 


P22 


P21 


P20 



$0003 



Table 4 Mode Selection Summary 



Mode 


P J2 
(PC2) 


P21 
(PCD 


P20 
(PCO) 


ROM 


RAM 


Interrupt 
Vectors 


Bus 
Mode 


Operating Mode 


7 


H 


H 


H 


I 


I 


1 


1 


Single Chip 


6 


H 


H 


L 


I 


1 


1 


MUXI5.6) 


Multiplexed/Partial Decode 


5 


H 


L 


H 


I 


1 


1 


NMUX<5.6> 


Non-Multiplexed/Partial Decode 


4 


H 


L 


L 


|(2) 


|(i) 


1 


1 


Single Chip Test 


3 


L 


H 


H 


E 


E 


E 


MUX«> 


Multiplexed /No RAM or ROM 


2 


L 


H 


L 


E 


1 


E 


MUXW) 


Multiplexed /RAM 


1 


L 


L 


H 


I 


1 


E 


MUX<«> 


Multiplexed/RAM & ROM 





L 


L 


L 


I 


1 


|(3) 


MUX<«> 


Multiplexed Test 



Legend: 
I — Internal 
E - External 
MUX - Multiplexed 
NMUX - Non-Multiplexed 
L - Logic "0" 
H - Logic "1 " 



Notes: 

(1) Internal RAM is addressed at $XX80 

(2) Inter nal ROM is disabled 

(3) RES vector is external for 2 cycles after RES goes high 

(4) Addresses associated with Ports 3 and 4 are considered external in Modes 0, 1 , 2. and 3 

(5) Addresses associated with Port 3. are considered external in Modes 5 and 6 

(6) Port 4 default is user data input; address output is optional by writing to Port 4 Data Direction Register 
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[NOTES) 1) Mode 7 as shown 

2) RC * Reset time constant 

3) R, = 10k« 
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Figure 21 Recommended Circuit for Mode Selection 
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Figure 22 HD14053B Multiplexers/Demultiplexers 
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■ MEMORY MAPS 

The MCU can provide up to 65k bytes address space depend- 
ing on the operating mode. The HD68P01 provides 8k bytes ad- 
dress space for EPROM, but the maps differ in EPROM types as 
follows. 

1) HN482732A (a 4k-byte EPROM) 

In order to support the HD6801V0, EPROM of the 
HD68P01V07/HD68P01V07-1 must be located at $F000- 
SFFFF. 

2) HN482764 (a 8k-byte EPROM) 

The HD68P01M0/HD68P01M0-1 can provide up to 
8k bytes address space using HN482764 instead of 
HN482732A. In this case, EPROM of theHD68P01M0/ 
HD68P01M0-1 is located at SE000-SFFFF. 
A memory map for each operating mode is shown in Figure 
23. The first 32 locations of each map are reserved for the 
MCU's internal register area, as shown in Table 5, with excep- 
tions as indicated. 

Refer to "Precaution when emulating the HD6801 Family". 



Table 5 Internal Register Area 



Register 


Address 


Port 1 Data Direction Register*** 


00 


Port 2 Data Direction Register*** 


01 


Port 1 Data Register 


02 


Port 2 Data Register 


03 


Port 3 Data Direction Register*** 


04* 


Port 4 Data Direction Register*** 


05** 


Port 3 Data Register 


06* 


Port 4 Data Register 


07* * 


Timer Control and Status Register 


08 


Counter (High Byte) 


09 


Counter (Low Byte) 


OA 


Output Compare Register (High Byte) 


OB 


Output Compare Register (Low Byte) 


OC 


Input Capture Register (High Byte) 


OD 


Input Capture Register (Low Byte) 


OE 


Port 3 control and Status Register 


OF* 


Rate and Mode Control Register 


10 


Transmit/Receive Control and Status Register 


11 


Receive Data Register 


12 


Transmit Data Register 


13 


RAM Control Register 


14 


Reserved 


15-1F 



* External address in Modes 0, 1 , 2, 3, 5, 6; cannot be accessed in 
Mode 5 (No l"0"S> 
* * External addresses in Modes 0, 1 , 2, 3 
'** 1 » Output, » Input 
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HD68P01 
Mode 







Multiplexed Test mode 
$0000 (1 > 




$EOO0 



$FFFF<2) 



Internal Registers 
External Memory Space 

Internal RAM 



External Memory Space 



EPROM 

Internal Interrupt Vectors' 2 ' 



INOTES] 

1 ) Excludes the following addresses which may 

be used externally: $04, $05, $06, $07 and $0F 

2) Addresses $FFFE and $FFFF are considered 
external if accessed within 2 cycles alter a 
positive edge of RES and internal at all other 
times. 

3) After 2 CPU cycles, there must be no over- 
lapping of internal and external memory 
spaces to avoid driving the data bus with more 
than one device. 

4) This mode is the only mode which may be used 
to examine the interrupt vectors in EPROM 
using an external Reset vector. 



HD68P01 
Mode 



1 



Multiplexed/RAM & EPROM 

$0000' i > 



$001 F 
$0080 
$00FF 




$E000 

$FFEF 
$FFF0 
$FFFF 




Internal Registers 
External Memory Space 
Internal RAM 

External Memory Space 

EPROM 

External Interrupt Vectors 



[NOTES] 

1 ) Excludes the following addresses which may 
be used externally; $04, $05, $06, $07 and 
$0F. 

2) EPROM addresses $FFF0 to $FFFF are 
not usable. 



Figure 23 HD68P01 Memory Maps 
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HD68P01 
Mode 



Multiplexed/RAM 



$0000(D 




$00FF 



$FFF0 
SFFFF 



Internal Registers 
External Memory Space 

Internal RAM 



External Memory Space 



External Interrupt Vectors 



[NOTE] 

1 ) Excludes the following addresses which may 

be used externally: $04, $05, $06, $07, and 

$0F. 



HD68P01 
Mode 



Multiplexed/No RAM or EPROM 



$FFF0 
$FFFF 



Internal Registers 



External Memory Space 



External Interrupt Vectors 



[NOTE] 

1 ) Excludes the following addresses which may 

be used externally: $04, $05, $06, $07 and 

$0F. 



Figure 23 HD68P01 Memory Maps (Continued) 
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HD68P01 
Mode 



Single Chip Test 



Internal Registers 



Unusable' 1 " 4 ' 



Internal RAM 

Internal Interrupt Vectors 

[NOTES] 

1) The internal ROM is disabled. 

2) Mode 4 may be changed to Mode 5 without 
having to assert RESET by writing a "1 " into 
the PCO bit of Port 2 Data Register. 

3) Addresses A, to A, 5 are treated as "don't 
cares" to decode internal RAM. 

4) Internal RAM will appear at $XX80 to $XXFF. 



HD68P01 
Mode 



Non-Multiplexed/Partial Decode 
$0000(D 



$001 F 

$0080 

$00FF 
$0100 

$01 FF 



$EOO0 



$FFFF 



m 



■ 



Internal Registers 



Internal RAM 



External Memory Space 



Unusable 




EPROM 



Internal Interrupt Vectors 



(NOTES) 

1 ) Excludes the following addresses which may 
not be used externally: $04, $06, and $0F. 
(No fOS> 

2) This mode may be entered without going 
through RESET by using Mode 4 and sub- 
sequently writing a "1" into the PCO bit of 
Port 2 Data Register. 

3) Address lines A ~A 7 will not contain address- 
es until the Data Direction Register for Port 4 
has been written with "1's" in the appropriate 
bits. These address lines will assert "1's" until 
made outputs by writing the Data Direction 
Register. 



Figure 23 HD68P01 Memory Maps (Continued) 
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HD68P01 
Mode 



Multiplexed/Partial Decode 
$0000' 1 » jm 



$001 F 
$0080 

$00FF 




$E000 



$FFFF 




Internal Registers 
External Memory Space 

Internal RAM 



External Memory Space 



EPROM 

Internal Interrupt Vectors 



[NOTES) 

1 ) Excludes the following address which may be 
used externally. $04, $06, $0F. 

2) Address lines A, ~ A, s will not contain 
addresses until the Data Direction Register for 
Port 4 has been written with "1's" in the 
appropriate bits. These address lines will 
assert "Ts" until made outputs by writing the 
Data Direction Register. 



HD68P01 
Mode 



Single Chip 




$0080 



$00FF 



I Internal Registers 



Internal RAM 



$E000 



$FFFF 




EPROM 

Internal Interrupt Vectors 



Figure 23 HD68P01 Memory Maps (Continued) 
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■ PROGRAMMABLE TIME 

The Programmable Timer can be used to perform input wave- 
form measurements while independently generating an output 
waveform. Pulse widths can vary from several microseconds to 
many seconds. A block diagram of the Timer is shown in Figure 
24. 

• Counter ($09:0A) 

The key timer element is a 1 6-bit free-running co unter which 
is incremented by E (Enable). It is cleared during RES and is 
read-only with one exception: a write to the countei ($09) will 
preset it to $FFF8. This feature, intended for testing, can dis- 
turb serial operations because the counter provides the SCI's 
internal bit rate clock. TOF is set whenever the counter contains 
alll's. 

• Output Compare Register ($0B:0C) 

The Output Compare Register is a 16-bit Read/Write register 
used to control an output waveform or provide an arbitrary 
timeout flag. It is compared with the free-running counter on 
each E-cycle. When a match is found, OCF is set and OLVL is 
clocked to an output level register. If Port 2, bit 1 , is configured 
as an output, OLVL will appear at P 2! and the Output Compare 
Register and OLVL can then be changed for the next compare. 
The function is inhibited for one cycle after a write to its high 
byte of the Compare Resister (SOB) to ensure a valid compare. 



The Output Compare Register is set to SFFFF by RES. 

• Input Capture Register ($0D: 0E) 

The Input Capture Register is a 16-bit read-only register used 
to store the free-running counter when a "proper" input transi- 
tion occurs as defined by IEDG. Port 2, bit should be con- 
figured as an input, but the edge detect circuit always senses P 20 
even when configured as an output. An input capture can occur 
independently of ICF: the register always contains the most cur- 
rent value. Counter transfer is inhibited, however, between ac- 
cesses of a double byte CPU read. The input pulse width must 
be at least two E-cycles to ensure an input capture under all 
conditions. 

• Timer Control and Status Register ($08) 

The Tinier Control and Status Register (TCSR) is an 8-bit 
register of which all bits are readable while bits 0~4 can be 
written. The three most significant bits provide the timer's 
status and indicate if: 

• a proper level transition has been dtected, 

• a match has been found between the free-running counter 
and the output compare register, and 

• the free-running counter has overflowed^ 

Each of the three events can generate an IRQ 2 interrupt and 
is controlled by an individual enable bit in the TCSR. 



< 







HO68P01 Internal Bus 




$00 : OE 



Output Compare 



Overflow Detect 



Timer b ? « * t 



Control | ICF | OCF | TOF | EICI | E 

I And 

I Status 

Register 

$08 



ETOI ItDG OLV 



TWOt! 



7®- 

Output 

Level 

Register 




Output Compare Pulse 



Bit 1 
Port 2 
DDR 



Si 

.■Output Input 

Level Edge 

Bit 1 BitO 

Port 2 Port 2 



Figure 24 Block Diagram of Programmable Timer 
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Timer Control and Status Register (TCSR) 
6 5 4 3 2 1 



ICF 


OCF 


TOF 


EICI 


EOCI 


ETOI 


IEDGOLVL 



$0008 



BitOOLVL Output level. OLVL is clocked to the output 
level register by a successful output compare and 
will appear at P 2 , if Bit 1 of Port 2's D ata Direc- 
tion Register is set. It is cleared by R ES. 

Bit 1 IEDG Input Edge. IEDG is cleared by RES and controls 
which level transition will trigger a counter trans- 
fer to the Input Capture Register: 
IEDG = Transfer on a negative-edge 
IEDG = 1 Transfer on a positive-edge. 

Bit 2 ETOI Enab le Timer Overflow Interrupt. When set, an 
IRQ 2 interrupt is enabled for a timer overflow; 
wh en cle ar, the interrupt is inhibited. It is cleared 
by RES. 

Bit 3 EOCI Enab le Output Compare Interrupt. When set, an 
IRQ2 interrupt is enabled for an output com- 
pare; whe n clea r, the interrupt is inhibited. It is 
cleared by RES. 

Bit 4 EICI Enab le Input Capture Interrupt. When set, an 
IRQ 2 interrupt is enabled for an input capture; 
when cle ar, th e interrupt is inhibited. It is 
cleared by RES. 

Bit 5 TOF Timer Overflow Flag. TOF is set when the 
counter contains all l's. It is cleared by reading 
the TCSR (with TOF set) f ollow ed by the 
counter's high byte ($09), or by RES. 

Bit 6 OFC Output Compare Flag. OCF is set when the Out- 
put Compare Register matches the free-running 
counter. It is cleared by reading the TCSR (with 
OCF set) and then writing to th e Ou tput Com- 
pare Register (SOB or $0C), or by RES. 

Bit 7 ICF Input Capture Flag. ICF is set to indicate a 
proper level transition; it is cleared by reading 
the TCSR (with ICF set) and then the Input 
Capture Register High Byte (SOD), or by RES. 

■ SERIAL COMMUNICATIONS INTERFACE (SCI) 

A full-duplex asynchronous Serial Communications Interface 
(SCI) is provided with a data format and a variety of rates. The 
SCI transmitter and receiver are functionally independent, but 
use the same data format and bit rate. Serial data format is 
standard mark/space (NRZ) and provides one start bit, eight 
data bits, and one stop bit. "Baud" and "bit rate" are used 
synonymously in the following description. 

• Wake-Up Feature 

In a typical serial loop multi-processor configuration, the 
software protocol will usually identify the addresse(s) at the 
beginning of the message. In order to permit uninterested MCU's 
to ignore the remainder of the message, a wake-up feature is 
included whereby all further SCI receiver flag (and interrupt) 
processing can be inhibited until its data line goes idle. An SCI 
rec eiver is re-enabled by an idle string of ten consecutive 1 's or 
by RES. Software must provide for the required idle string 
between consecutive messages and prevent it within messages. 

• Programmable Options 

The following features of the SCI are programmable: 
• format: Standard mark/space (NRZ) 



' clock: external or internal bit rate clock 

• Baud (or bit rate): one of 4 per E-ciock frequency, or ex- 
ternal bit rate (X8) input 

• wake-up feature: enabled or disabled 

- interrupt requests: enabled individually for transmitter 
and receiver 

• clock output: internal bit rate clock enabled or disabled 
toP 22 

• Port 2 (bit 3, 4): dedicated or not dedicated to serial I/O 
individually for transmitter and receiver. 

• Serial Communications Registers 

The Serial Communications Interface includes four addres- 
sable registers as depicted in Figure 25. It is controlled by the 
Rate and Mode Control Register and the Transmit/Receive Con- 
trol and Status Register. Data is transmitted and received utiliz- 
ing a write-only Transmit Register and a read-only Receive 
Register. The shift registers are not accessible to software. 



Rate and Mode Control Register 
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Transmit/Receive Control and Status Register 
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Rate and Mode Control Register (RMCR) ($10) 

The Rate and Mode Control Register controls the SCI bit 
rate, format, clock source, and under certain conditions, the 
configuration of P 22 . The regis ter consists of four write-only 
bits which are cleared by RES. The two least significant bits 
control the bit rate of the internal clock and the remaining two 
bits control the format and clock source. 

Rate and Mode Control Register (RMCR) 



7 


6 


5 


4 


3 


2 


1 





X 


X 


X 


X 


CC1 


ceo 


SS1 


sso 



$0010 
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Bit 1 : Bit SSI : SSO Speed Select. These two bits select the 

Baud when using the internal clock. Four rates 

may be selected which are a function of the MCU 

input frequency. Table 6 lists bit time and rates 

for three selected MCU frequencies. 

Bit 3: Bit 2 CC1:CC0 Clock Control Select. These two bits 

select the serial clock source. If CC1 is set, the 

DDR value for P 22 is forced to the complement 

of CCO and cannot be altered until CC1 is 

cleared. If CC1 is cleared after having been set, 

its DDR value is unchanged. Table 7 defines the 

clock source, and use of P 22 . 

If both CC1 and CCO are set, an external TTL compatible 

clock must be connected to P 22 at eight times (8X) the desired 

bit rate, but not greater than E, with a duty cycle of 50% (± 

10%). If CC1 :CC0 = 10, the internal bit rate clock is provided at 

P 22 regardless of the values for TE or RE. 

(Note) The source of SCI internal bit rate clock is the timer's free run- 
ning counter. An CPU write to the counter can disturb serial 
operations. 

Transmit/Receive Control and Status Register (TRCSR) ($11) 

The Transmit/Receive Control and Status Register controls 
the transmitter, receiver, wake-up feature, and two individual 
interrupts and monitors the status of serial operations. All eight 
bits are readable while bits to 4 are also writable. The register 
is initialized to $20 by RES. 



Transmit/Receive Control and Status Register (TRCSR) 

7 6 5 43210 

$0011 



RDRFORFETDRE RIE 



RE TIE 



TE 



WU 



BitOWU "Wake-up" on Idle Line. When set, WU enables 

the wake-up fun ction ; it is cleared by ten con- 
secutive 1 's or by RES. WU will not set if the line 
is idle. 

Bit 1 TE Transmit Enable. When set, P 24 DDR bit is set, 

cannot be changed, and will remain set if TE is 
subsequently cleared. When TE is changed from 
clear to set, the transmitter is connected to P 24 



and a preamble of nin e cons ecutive l's is trans- 
mitted. TE is cleared by RES. 

Bit 2 TIE Transmit Interrupt Enable. When set, an IRQ 2 
interrupt is enabled when TDRE is set; when 
clear , the interrupt is inhibited. TE is cleared by 
RES. 

Bit 3 RE Receive Enable. When set, P23's DDR bit is 
cleared, cannot be changed, and will remain clear 
if RE is subsequently cleared. While RE is set, 
the SCI receiver is enabled. RE is cleared by 
RES. 

Bit 4 RIE Receiver Interrupt Enable. When set, an IRQ 2 
interrupt is enabled when RDRF and/or ORFE is 
set; when clear, the interrupt is inhibited. RIE is 
cleared by RES. 

Bit 5 TDRE Transmit Data Register Empty. TDRE is set 
when the Transmit Data Register is tra nsferr ed to 
the output serial shift register or by RES. It is 
cleared by reading the TRCSR (with TDRE set) 
and then writing to the Transmit Data Register. 
Additional data will be transmitted only if TDRE 
has been cleared. 

Bit 6 ORFE Overrun Framing Error. If set, ORFE indicates 
either an overrun or framing error. An overrun is 
a new byte ready to transfer to the Receiver Data 
Register with RDRF still set. A receiver framing 
error has occurred when the byte boundaries of 
the bit stream are not synchronized to the bit 
counter. An overrun can be distinguished from a 
framing error by the value of RDRF: if RDRF is 
set, then an overrun has occurred; otherwise a 
framing error has been detected. Data is not 
transferred to the Receive Data Register in an 
overrun or framing error condition. ORFE is 
cleared by reading the TRCSR (with ORF E set) 
then the Receive Data Register, or by RES. 

Bit 7 RDRF Receive Data Register Full. RDRF is set when 
the input serial shift register is transferred to the 
Receive Data Register. It is cleared by reading 
the TRCSR (with RDRF set), and then the Re- 
ceive Data Register, or by RES. 



Table 6 SCI Bit Times and Rates 





: SSO 


XTAL 


2.4576 MHz 


4.0 MHz 


4.9152 MHz* 


SS1 


E 


614.4 kHz 


1.0 MHz 


1.2288 MHz 





1 
1 




1 



1 


E-M6 
E^-128 
E + 1024 
E + 4096 


26 jus/38.400 Baud 
208us/4,800 Baud 
1.67ms/600Baud 
6.67ms/150Baud 


16 ak/62,500 Baud 
128«s/781 2.5 Baud 
1 .024ms/976.6 Baud 
4.096ms/244.1 Baud 


13jus/76,800Baud 

104.2 jus/9,600 Baud 

833.3 jus/ 1,200 Baud 
3.33 ms/300 Baud 



* HD68P01V07-1, HD68P01M0-1 only 

Table 7 SCI Format and Clock Source Control 



CC1 : CCO 


Format 


Clock Source 


Port 2 Bit 2 


Port 2 Bit 3 


Port 2 Bit 4 





- 


- 


- 


• • 


• • 


1 


NRZ 


Internal 


Not Used 


»» 


*• 


1 


NR2 


Internal 


Output* 


*# 


*• 


1 1 


NRZ 


External 


Input 


«» 


»« 



' Clock output is available regardless of values for bits RE and TE. 

' Bit 3 is used for serial input if RE » "1" in TRCS; bit 4 is used for serial output if TE ■ "1" in TRCS. 
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• Internally Generated Clcok 

If the user wishes for the serial I/O to furnish a clock, the fol- 
lowing requirements are applicable: 

• the values of RE and TE are immaterial. 

• CC 1 , CCO must be set to 1 

• the maximum clock rate will be E -r 16. 

• the clock will be at IX the bit rate and will have a rising 
edge at mid-bit. 

• Externally Generated Clock 

If the user wishes to provide an external clock for the serial 
I/O, the following requirements are applicable : 

• the CC1, CCO, field in the Rate and Mode Control Re- 
gister must be set to 1 1 , 

• the external clock must be set to 8 times (X8) the desired 
baud rate and 

■ the maximum external clock frequency is 1 .0 MHz. 

• Serial Operations 

The SCI is initialized by writing control bytes first to the 
Rate and Mode Control Register and then to the Transmit/ Re- 
ceive Control and Status Register. 

The Transmitter Enable (TE) and Receiver Enable (RE) bits 
may be left set for dedicated operations. 

Transmit operations 

The transmit operation is enabled by TE in the Transmit/Re- 
ceive Control and Status Register. When TE is set, the output of 
the transmit serial shift register is connected to P 24 and the 
serial output by first transmitting to a ten-bit preamble of 1 's. 
Following the preamble, internal synchronization is established 
and the transmitter section is ready for operation. 

At this point one of two situation exist: 

1) if the Transmit Data Register is empty (TDRE = 1 ), a con- 
tinuous string of ones will be sent indicating an idle line, 
or, 

2) if a byte has been written to the Transmit Data Register 
(TDRE = 0), it is transferred to the output serial shift reg- 
ister and transmission will begin. 

During the transfer itself, the start bit (0) is first transmitted. 



Then the 8 data bits (beginning with bit 0) followed by the stop 
bit (1), are transmitted. When the Transmitter Data Register has 
been emptied, the TDRE flag bit is set. 

If the MCU fails to respond to the flag within the pro- 
per time, (TDRE is still set when the next normal transfer from 
the parallel data register to the serial output register should 
occur) then a 1 will be sent (instead of a 0) at "Start" bit time, 
followed by more l's until more data is supplied to the data 
register. No 0's will be sent while TDRE remains a 1 . 

Receive Operations 

The receive operation is enabled by RE which configures 
P 23 . The receive operation is controled by the contents of the 
Transmit/Receive Control and Status Register and the Rate and 
Mode Control Register. 

The receiver bit interval is divided into 8 sub-intervals for 
internal synchronization. In the NRZ Mode, the received bit 
stream is synchronized by the first (space) encountered. 

The approximate center of each bit time is strobed during 
the next 10 bits. If the tenth bit is not a 1 (stop bit) a framing 
error is assumed, and ORFE is set. If the tenth bit is a 1, the 
data is transferred to the Receive Data Register, and interrupt 
flag RDRF is set. If RDRF is still set at the next tenth bit time, 
ORFE will be set, indicating an over-run has occurred. When the 
MCU responds to either flag (RDRF or ORFE) by reading 
the status register followed by reading the Data Register, RDRF 
(or ORFE) will be cieared. 

■ INSTRUCTION SET 

The HD68P01 is upward source and object code compatible 
with the HD6800. Execution times of key instructions have 
been reduced and several new instructions have been added, 
including hardware multiply. A list of new operations added to 
the HD6800 instruction set is shown in Table 8. 

In addition, two new special opcodes, 4E and 5E, are provid- 
ed for test purposes. These opcodes force the Program Counter 
to increment like a 16-bit counter, causing address lines used 
in the expanded modes to increment until the device is reset. 
These opcodes have no mnemonics. 



Table 8 New Instructions 



Instruction 



Description 



ABX 
ADDO 
ASLD 
BRN 
LDD 
LSRD 
MUL 
PSHX 
PULX 
STD 
SUBD 



Unsigned addition of Accumulator B to Index Register 

Adds (without carry ) the double accumulator to memory and leaves the sum in the double accumulator 

Shifts the double accumulator left (towards MSB) one bit; the LSB is cleared and the MSB is shifted into the C-bit 

Branch Never 

Loads double accumulator from memory 

Shifts the double accumulator right (towards LSB) one bit; the MSB is cleared and the LSB is shifted into the C-bit 

Unsigned multiply; multiplies the two accumulators and leaves the product in the double accumulator 

Pushes the Index Register to stack 

Pulls the Index Register from stack 

Stores the double accumulator to memory 

Subtracts memory from the double accumulator and leaves the difference in the double accumulator 
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• Programming Model 

A programming model for the HD68P01 is shown in Figure 
10. Accumulator A can be concatenated with accumulator B 
and jointly referred to as accumulator D where A is the most 
significant byte. Any operation which modifies the double 
accumulator will also modify accumulator A and/or B. Other 
registers are defined as follows: 

Program Counter 

The program counter is a 16-bit register which always points 
to the next instruction. 

Stack Pointer 

The stack pointer is a 16-bit register which contains the ad- 
dress of the next available location in a pushdown/pullup 
(LIFO) queue. The stack resides in random access memory at a 
location defined by the programmer. 

Index Register 

The Index Register is a 1 6-bit register which can be used to 
store data or provide an address for the indexed mode of 
addressing. 

Accumulators 

The CPU contains two 8-bit accumulators, A and B, which 
are used to store operands and results from the arithmetic logic 
unit (ALU). They can also be concatenated and referred to as 
the D (double) accumulator. 

Condition Code Registers 

The condition code register indicates the results of an in- 
struction and includes the following five condition bits: Nega- 
tive (N), Zero (Z), Overflow (V), Carry/Borrow from MSB (C), 
and Half Carry from bit 3 (H). These bits are testable by the 
conditional branch instruction. Bit 4 is the interrupt mask 
(I-bit) and inhibits all maskable interrupts when set. The two 
unused bits, b6 and b7 are read as ones. 



• Addressing Modes 

The CPU provides six addressing modes which can be used 
to reference memory. A summary of addressing modes for all 
instructions is presented in Table 9, 10, 1 1 , and 12 where execu- 
tion times are provided in E-cycles. Instruction execution times 
are summarized in Table 13. With an input frequency of 4 MHz, 
E-cycles are equivalent to microseconds. A cycle-by-cycle 
description of bus activity for each instruction is provided in 
Table 14 and a description of selected instructions is shown in 
Figure 26. 

Immediate Addressing 

The operand or "immediate byte(s)" is contained in the fol- 
lowing byte(s) of the instruction where the number of bytes 
matches the size of the register. These are two or three byte 
instructions. 

Direct Addressing 

The least significant byte of the operand address is contained 
in the second byte of the instruction and the most significant 
byte is assumed to be $00. Direct addressing allows the user to 
access $00 through $FF using two byte instructions and execu- 
tion time is reduced by eliminating the additional memory ac- 
cess. In most applications, the 256-byte area is reserved for 
frequently referenced data. 

Extended Addressing 

The second and third bytes of the instruction contain the ab- 
solute address of the operand. These are three byte instructions. 

Indexed Addressing 

The unsigned offset contained in the second byte of the in- 
struction is added with carry to the Index Register and used to 
reference memory without changing the Index Register. These 
are two byte instructions. 



Table 9 Index Register and Stack Manipulation Instructions 





Mnemonic 
































Boolean/ 
Arithmetic Operation 


Cond. Code Reg. 


Pointer Operations 












5 


4 


3 


2 


1 







OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


H 


I 


N 


Z 


V 


C 


Compare Index Reg 


CPX 


8C 


4 


3 


9C 


5 


2 


AC 


6 


2 


BC 


6 


3 








X -M: M+ 1 






1 


t 


t 




Decrement Index Reg 


DEX 


























09 


3 


1 


X - 1 - X 






• 


t 


• 




Decrement Stack Pntr 


DES 


























34 


3 


1 


SP - 1 -* SP 














Increment Index Reg 


INX 


























08 


3 


1 


X + 1 - X 






• 


t 


• 




Increment Stack Pntr 


INS 


























31 


3 


1 


SP + 1 - SP 














Load Index Reg 


LDX 


CE 


3 


3 


DE 


4 


2 


EE 


5 


2 


FE 


5 


3 








M- X H , (M+1)- X L 






t 


t 


R 




Load Stack Pntr 


LDS 


8E 


3 


3 


9E 


4 


2 


AE 


5 


2 


BE 


5 


3 








M-SP H .(M + 1)-*SP L 






t 


t 


R 




Store Index Reg 


STX 








DF 


4 


2 


EF 


5 


2 


FF 


5 


3 








X H -M,X L - (M + 1) 






t 


t 


R 




Store Stack Pntr 


STS 








9F 


4 


2 


AF 


5 


2 


BF 


5 


3 








SP H -M,SP L -(M+1) 






t 


X 


R 




Index Reg -♦ Stack Pntr 


TXS 


























35 


3 


1 


X - 1 - SP 














Stack Pntr-* Index Reg 


TSX 


























30 


3 


1 


SP + 1 - X 














Add 


ABX 


























3A 


3 


1 


B + X- X 














Push Data 


PSHX 


























3C 


4 


1 


X L -M SP .SP-1-» SP 
X H -M S p,SP-1-»SP 














Pull Data 


PULX 


























38 


5 


1 


SP + 1 - SP, M SP - X H 
SP+ 1- SP, M SP -X L 















The Condition Code Register notes are listed after Table 12. 
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Implied Addressing 

The operand(s) are registers and no memory reference is 
required. These are single byte instructions. 

Relative Addressing 

Relative addressing is used only for branch instructions. If 



the branch condition is true, the Program Counter is overwritten 
with the sum of a signed single byte displacement in the second 
byte of the instruction and the current Program Counter. This 
provides a branch range of -126 to 129 bytes from the first 
byte of the instruction. These are two byte instructions. 



Table 10 Accumulator and Memory Instructions 



Accumulator and 


Mnemonic 


Immed 


Direct 


Index 


Extend 


Implied 


Boolean Expression 


Cond. Code Reg. 


Memory Operations 


OP 


~ 


# 


OP 


~ 


# 


OP 


- 


# 


OP 


~ 


# 


OP 


~ 


# 


H 


1 


N 


z 


V 


C 


Add Acmltrs 


ABA 
























— 


1B 


2 


1 


A + B-*A 


t 




X 


X 


% 


X 


Add B to X 


ABX 














3A 


3 


1 


B + X-*X 


• 




• 


• 


• 


• 


Add with Carry 


A DC A 


89 


2 


2 


99 


3 


2 


A9 


4 


2 


B9 


4 


3 








A + M + C->A 


t 




t 


X 


X 


X 




ADCB 


C9 


2 


2 


D9 


3 


2 


E9 


4 


2 


F9 


4 


3 








B + M + C->B 


J\ 




X 


X 


X 


X 


Add 


ADDA 


8B 


2 


2 


9B 


3 


2 


AB 


4 


2 


BB 


4 


3 








A + M-+A 


X 




X 


X 


X 


X 




ADDB 


CB 


2 


2 


DB 


3 


2 


EB 


4 


2 


FB 


4 


3 








B + M->A 


X 




X 


X 


X 


X 


Add Double 


ADDD 


C3 


4 


3 


D3 


5 


2 


E3 


6 


2 


F3 


6 


3 








D + M:M + 1 ->D 






X 


X 


X 


X 


And 


ANDA 


84 


2 


2 


94 


3 


2 


A4 


4 


2 


B4 


4 


3 








A • M-»A 






X 


X 


R 


• 




ANDB 


C4 


2 


2 


D4 


3 


2 


E4 


4 


2 


F4 


4 


3 








B • M->B 






X 


X 


R 


• 


Shift Left, Arithmetic 


ASL 














68 


6 


2 


78 


6 


3 














X 


X 


% 


X 




AS LA 


























48 


2 


1 








X 


X 


X 


X 




ASLB 


























58 


2 


1 








X 


X 


X 


X 


Shift Left Dbl 


ASLD 


























05 


3 


1 








X 


X 


X 


X 


Shift Right, Arithmetic 


ASR 














67 


6 


2 


77 


6 


3 














X 


X 


X 


X 




ASRA 


























47 


2 


1 








X 


X 


X 


X 




ASRB 


























57 


2 


1 








X 


X 


X 


X 


Bit Test 


BITA 


85 


2 


2 


95 


3 


2 


A5 


4 


2 


B5 


4 


3 








A • M 






X 


X 


R 


• 




BITB 


C5 


2 


2 


D5 


3 


2 


E5 


4 


2 


F5 


4 


3 






1 


B • M 






* 


X 


R 


• 


Compare Acmltrs 


CBA 








I 
















11 


2 


A-B 






X 


X 


X 


X 


Clear 


CLR 














6F 


6 


2 


7F 


6 


3 








00-»-M 






R 


S 


R 


R 




CLRA 


























4F 


2 


1 


00->-A 






R 


s 


R 


R 




CLRB 
























5F 


2 


1 


00 ->B 






R 


S 


R 


R 


Compare 


CMPA 


81 


2 


2 


91 


3 


2 


A1 


4 


2 


B1 


4 


3 








A -M 






* 


* 


X 


X 




CMPB 


C1 


2 


2 


D1 


3 


2 


E1 


4 


2 


F1 


4 


3 








B -M 






X 


X 


X 


X 


1 's Complement 


COM 














63 


6 


2 


73 


6 


3 








M->M 






X 


X 


R 


s 




COMA 


























43 


2 


1 


A-»-A 






X 


X 


R 


s 




COMB 


















— 








53 


2 


1 


B-*B 






X 


X 


R 


s 


Decimal Adj, A 


DAA 




















19 


2 


1 


Adj binary sum to BCD 






X 


X 


X 




Decrement 


DEC 














6A 


6 


2 


7A 


6 


3 








M - 1 -*M 






4 


X 


X 






DECA 


























4A 


2 


1 


A-1 -+A 






X 


X 


X 






DECB 


























5A 


2 


1 


B-1 ->B 






X 


X 


X 




Exclusive OR 


EORA 


88 


2 


2 


98 


3 


2 


A8 


4 


2 


B8 


4 


3 








A © M->A 






X 


X 


R 






EORB 


C8 


2 


2 


D8 


3 


2 


E8 


4 


2 


F8 


4 


3 








B <J> M-+B 






X 


X 


R 




Increment 


INC 














6C 


6 


2 


7C 


6 


3 








M+ 1 ->M 






X 


X 


X 






INCA 


























4C 


2 


1 


A + 1 ->A 






X 


X 


X 






INCB 


























5C 


2 


1 


B + 1 ->B 






X 


X 


X 




Load Acmltrs 


LDAA 


86 


2 


2 


96 


3 


2 


A6 


4 


2 


B6 


4 


3 








M->A 






X 


X 


R 






LDAB 


C6 


2 


2 


D6 


3 


2 


E6 


4 


2 


F6 


4 


3 








M->B 






X 


X 


R 




Load Double 


LDD 


CC 


3 


3 


DC 


4 


2 


EC 


5 


2 


FC 


5 


3 








M:M+ 1 ->D 






X 


X 


R 




Logical Shift, Left 


LSL 














68 


6 


2 


78 


6 


3 














X 


X 


* 






LSLA 


























48 


2 


1 








X 


X 


* 






LSLB 


























58 


2 


1 








X 


X 


% 






LSLD 


























05 


3 


1 








X 


X 


X 




Shift Right, Logical 


LSR 














64 


6 


2 


74 


6 


3 














R 


X 


X 






LSRA 


























44 


2 


1 








R 


X 


X 






LSRB 


























54 


2 


1 








R 


X 


X 






LSRD 


























04 


3 


1 








R 


X 


X 





(Continued) 



566 



HITACHI 



HD68P01V07, HD68P01V07-1, HD68P01M0, HD68P01M0-1 



Table 10 Accumulator and Memory Instructions (Continued) 



Accumulator and 


Mnemonic 


Immed 


Direct 


Index 


Extend 


Implied 


Boolean Expression 


Cond. Code Reg. 


Memory Operations 


OP 


- 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


H 


1 


N 


Z 


V 


c 


Multiply 


MUL 


























3D 


10 


1 


AXB-+D 








• 


• 


X 


2's Complement 


NEG 














60 


6 


2 


70 


6 


3 








00-M-^M 








X 


X 


X 


(Negate) 


NEGA 


























40 


2 


1 


00 - A ->• A 








t 


X 


X 




NEGB 


























50 


2 


1 


00-8-»-B 








X 


X 


X 


No Operation 


NOP 


























01 


2 


1 


PC + 1 -»PC 








• 


• 


• 


Inclusive OR 


ORAA 


8A 


2 


2 


9A 


3 


2 


AA 


4 


2 


BA 


4 


3 








A + M-+A 








* 


R 


• 




ORAB 


CA 


2 


2 


DA 


3 


2 


EA 


4 


2 


FA 


4 


3 








B +M-*B 








* 


R 


• 


Push Data 


PSHA 


























36 


3 


1 


A -►Stack 








• 


• 


• 




PSHB 






















37 


3 


1 


B -* Stack 








• 


• 


• 


Pull Data 


PULA 


























32 


4 


1 


Stack -* A 








• 


• 


• 




PULB 


























33 


4 


1 


Stack -»• B 








• 


• 


• 


Rotate Left 


ROL 














69 


6 


2 


79 


6 


3 
















* 


X 


* 




ROLA 
















— 






... 




49 


2 


1 










X 


X 


X 




ROLB 


















59 


2 


1 










X 


X 


X 


Rotate Right 


ROR 














66 


6 


2 


76 


6 


3 
















X 


X 


X 




RORA 


























46 


2 


1 










X 


X 


X 




RORB 


























56 


2 


1 










X 


X 


X 


Subtract Acmltr 


S8A 


























10 


2 


1 


A-B-t'A 








X 


X 


X 


Subtract with Carry 


SBCA 


82 


2 


2 


92 


3 


2 


A2 


4 


2 


82 


4 


3 








A -M -C-+A 








X 


X 


X 




SBCB 


C2 


2 


2 


D2 


3 


2 


E2 


4 


2 


F2 


4 


3 








B -M -C-+B 








X 


X 


X 


Store Acmltrs 


STAA 








97 


3 


2 


A7 


4 


2 


87 


4 


3 








A-»M 








X 


R 


• 




STAB 








D7 


3 


2 


E7 


4 


2 


F7 


4 


3 








B-*M 








X 


R 


• 




STD 








DD 


4 


2 


ED 


5 


2 


FD 


5 


3 








D-+M.M + 1 








X 


R 


• 


Subtract 


SUB A 


80 


2 


2 


90 


3 


2 


AO 


4 


2 


B0 


4 


3 








A -M-+A 








X 


X 


X 




SUBB 


CO 


2 


2 


DO 


3 


2 


E0 


4 


2 


F0 


4 


3 








B-M-»B 








X 


X 


X 


Subtract Double 


SUBD 


83 


4 


3 


93 


5 


2 


A3 


6 


2 


83 
7D 


6 
6~ 


3 


16 


2 


1 


D -M.M + 1 -+D 








X 


X 


X 


Transfer Acmltr 


TAB 
















A->B 








X 


R 


• 




TBA 


















IT 


T 


17 


2 


1 


B-+A 








X 


R 


• 


Test, Zero or Minus 


TST 














6D 


6 






M-00 








X 


R 


R 




TSTA 




















_.. 






4D 


2 


1 


A -00 








X 


R 


R 




TSTB 




















5D 


2 


1 


B-00 








X 


R 


R 



The Condition Code Register notes are listed after Table 12. 
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Table 1 1 Jump and Branch Instructions 





Mnemonic 


Direct 










Extend 








Branch Test 


Cond. Code Reg. 


Operations 








5 


4 


3 


2 


1 







OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


H 


I 


N 


Z 


V 


C 


Branch Always 


BRA 








20 


3 


2 




















None 














Branch Never 


BRN 








21 


3 


2 




















None 














Branch If Carry Clear 


BCC 








24 


3 


2 




















C-0 














Branch If Carry Set 


BCS 








25 


3 


2 




















C=1 














Branch If - Zero 


BEQ 








27 


3 


2 




















Z«1 














Branch If > Zero 


BGE 








2C 


3 


2 




















N © V-0 














Branch If > Zero 


BGT 








2E 


3 


2 




















Z + (N © V)«0 














Branch If Higher 


BHI 








22 


3 


2 




















C + Z-0 














Branch If Higher or Same 


BHS 








24 


3 


2 




















C-0 














Branch If < Zero 


BLE 








2F 


3 


2 




















Z+(N © V)»1 














Branch If Carry Set 


BLO 








25 


3 


2 




















C=1 














Branch If Lower Or Same 


BLS 








23 


3 


2 




















C + Z = 1 














Branch If < Zero 


BLT 








2D 


3 


2 




















N© V = 1 














Branch If Minus 


BMI 








2B 


3 


2 




















N'l 














Branch If Not Equal Zero 


BNE 








26 


3 


2 




















N = 














Branch If Overflow Clear 


BVC 








28 


3 


2 




















V=0 














Branch If Overflow Set 


BVS 








29 


3" 


2 




















V = 1 














Branch If Plus 


BPL 








2A 


3 


2 




















N=0 














Branch To Subroutine 


BSR 








8D 


6 


2 


































Jump 


JMP 














6E 


3 


2 


7E 


3 


3 




















Jump To Subroutine 


JSR 


9D 


5 


2 








AD 


6 


2 


bD 


6 


3 




















No Operation 


NOP 


























01 


2 


1 
















Return From Interrupt 


RTI 


























3B 


10 


1 




X 


* 


X 


X 


X 


X 


Return From Subroutine 


RTS 


























39 


5 


1 














Software Interrupt 


SWI 


























3F 


12 


1 


• 


S 


• 


• 


• 


• 


Wait For Interrupt 


WAI 


























3E 


9 


1 















The Condition Code Register notes are listed after Table 12. 



Table 12 Condition Code Register Manipulation Instructions 













Boolean Operation 


Cond. Code Reg. 


Operations 




5 


4 


3 


2 


1 







Mnemonic 


OP 


~ 


# 


H 


1 


N 


Z 


V 


C 


Clear Carry 


CLC 


OC • 


2 




0-C 




• 






• 


R 


Clear Interrupt Mask 


CLI 


OE 


2 




0- I 




R 






• 


• 


Clear Overflow 


CLV 


OA 


2 




0- V 




• 






R 


• 


Set Carry 


SEC 


OD 


2 




1 -C 




• 






• 


S 


Set Interrupt Mask 


SEI 


OF 


2 




1 - 1 




S 






• 


• 


Set Overflow 


SEV 


OB 


2 




1 -V 




• 






S 


• 


Accumulator A -» CCR 


TAP 


06 


2 




A- CCR 


X 


X 


X 


X 


X 


X 


CCR -» Accumulator A 


TPA 


07 


2 




CCR- A 















LEGEND 

OP Operation Code (Hexadecimal) 
~ Number of MPU Cycles 
Msp Contents of memory location pointed to by Stack Pointer 

# Number of Program Bytes 
+ Arithmetic Plus 

- Arithmetic Minus 

• Boolean AND 

X Arithmetic Multiply 
+ Boolean Inclusive OR 
© Boolean Exclusive OR 
JA Complement of M 
-+ Transfer Into 
Bit - Zero 
00 Byte - Zero 



CONDITION CODE SYMBOLS 

H Half-carry from bit 3 

I Interrupt mask 

N Negative (sign bit) 

Z Zero (byte) 

V Overflow, 2's complement 

C Carry/Borrow from MSB 

R Reset Always 

S Set Always 

X Affected 

• Not Affected 
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Table 13 Instruction Execution Times in E-Cycles 





Addressing Mode 




5 

1 

E 


5 


"8 

c 
» 

X 

UJ 


"8 

X 

I 


■a 
.2 

"a 
E 


_> 
10 

QC 


ABA 

ABX 

ADC 

ADD 

ADDD 

AND 

ASL 




• 
• 
3 
3 
5 
3 






2 

3 

• 
• 
• 
• 
2 




ASLD 

ASR 

BCC 

BCS 

BEQ 

BGE 

BGT 










3 
2 


3 
3 
3 
3 
3 


BHI 

BHS 

BIT 

BLE 

BLO 

BLS 

BLT 












3 
3 

• 
3 
3 
3 
3 


BMI 
BNE 
BPL 
BRA 
BRN 
BSR 
BVC 












3 
3 
3 
3 
3 
6 
3 


BVS 

CBA 

CLC 

CLI 

CLR 

CLV 

CMP 










2 
2 
2 
2 
2 
• 


3 


COM 

CPX 

DAA 

DEC 

DES 

DEX 

EOR 

INC 

INS 






4 
6 

• 


4 
6 

• 


2 

• 
2 
2 
3 
3 
• 
• 
3 







Addressing Mode 




ID 
1 

E 

E 


o 
£ 


"8 

c 
& 

X 

UJ 


"8 

X 

■o 
c 


1 
a 
E 


w 

_> 

ID 

a> 


INX 

J MP 

JSR 

LDA 

LDD 

LDS 

LDX 


• 
• 
• 
2 
3 
3 
3 


• 
• 
5 
3 
4 
4 
4 


• 
3 
6 
4 
5 
5 
5 


• 
3 
6 
4 
5 
5 
5 


3 




LSL 

LSLD 

LSR 

LSRD 

MUL 

NEG 

NOP 






6 

• 
6 

• 
• 
6 

• 


6 

• 
6 

• 
• 
6 

• 


2 

3 
2 
3 
10 
2 
2 




ORA 

PSH 

PSHX 

PUL 

PULX 

ROL 

ROR 






4 

• 
• 
• 
• 
6 
6 


4 

• 
• 
• 
• 
6 
6 


• 
3 
4 
4 
5 
2 
2 




RTI 

RTS 

SBA 

SBC 

SEC 

SEI 

SEV 






• 
• 
• 
4 

• 
• 
• 


• 
• 
• 
4 

• 
• 
• 


10 
5 
2 
• 
2 
2 
2 




STA 

STD 

STS 

STX 

SUB 

SUBD 

SWI 






4 
5 
5 
5 
4 
6 


4 
5 
5 
5 
4 
6 
• 


12 




TAB 
TAP 
TBA 
TPA 
TST 
TSX 
TXS 
WAI 








• 
• 
• 
• 
6 
• 
• 
• 


2 
2 
2 
2 
2 
3 
3 
9 
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■ SUMMARY OF CYCLE BY CYCLE OPERATION 

Table 14 provides a detailed description of the information 
present on the Address Bus, Data Bus, and the Read/Write 
(R/W) line during each cycle of each instruction. 

The information is useful in comparing actual with expected 
results during debug to both software and hardware as the 
program is executed. The information is categorized in groups 
according to addressing mode and number of cycles per instruc- 



tion. In general, instructions with the same addressing mode 
and number of cycles execute in the same manner. Exceptions 
are indicated in the table. 

Note that during MCU reads of internal locations, the result- 
ant value will not appear on the external Data Bus except in 
Mode 0. "High order" byte refers to the most significant byte 
of a 16-bit value. 



Table 14 Cycle by Cycle Operation 



Address Mode & 
Instructions 



Cycles 



Cycle 

# 



Address Bus 



R/W 
Line 



Data Bus 



IMMEDIATE 



ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 


2 


1 
2 


Op Code Address 
Op Code Address + 1 


1 
1 


Op Code 
Operand Data 


LDS 
LDX 
LDD 


3 


1 
2 
3 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 




Op Code 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 


CPX 

SUBD 

ADDD 


4 


1 
2 
3 
4 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Address Bus FFFF 




Op Code 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


DIRECT 


ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 


3 


1 
2 
3 


Op Code Address 
Op Code Address + 1 
Address of Operand 




Op Code 

Address of Operand 

Operand Data 


STA 


3 


1 
2 
3 


Op Code Address 
Op Code Address + 1 
Destination Address 





Op Code 

Destination Address 
Data from Accumulator 


LDS 
LDX 
LDD 


4 


1 
2 

3 
4 


Op Code Address 
Op Code Address + 1 
Address of Operand 
Operand Address + 1 




Op Code 

Address of Operand 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 


STS 
STX 
STD 


4 


1 
2 
3 
4 


Op Code Address 
Op Code Address + 1 
Address of Operand 
Address of Operand + 1 






Op Code 

Address of Operand 

Register Data (High Order Byte) 

Register Data (Low Order Byte) 


CPX 

SUBD 

ADDD 


5 


1 
2 
3 
4 
5 


Op Code Address 
Op Code Address + 1 
Operand Address 
Operand Address + 1 
Address Bus FFFF 




Op Code 

Address of Operand 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 

Low Byte of Restart Vector 


JSR 


5 


1 
2 
3 
4 
5 


Op Code Address 
Op Code Address + 1 
Subroutine Address 
Stack Pointer 
Stack Pointer + 1 






Op Code 

Irrelevant Data 

First Subroutine Op Code 

Return Address (Low Order Byte) 

Return Address (High Order Byte) 
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Table 14 Cycle by Cycle Operation (Continued) 



Address Mode & 
Instructions 



Cycles 



Cycle 

# 



Address Bus 



R/W 
Line 



Data Bus 



EXTENDED 



JMP 


3 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Jump Address (High Order Byte) 






3 


Op Code Address + 2 




Jump Address (Low Order Byte) 


ADC EOR 


4 


1 


Op Code Address 




Op Code 


ADD LDA 




2 


Op Code Address + 1 




Address of Operand (High Order Byte) 


AND ORA 




3 


Op Code Address + 2 




Address of Operand (Low Order Byte) 


BIT SBC 




4 


Address of Operand 




Operand Data 


CMP SUB 












STA 


4 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Destination Address (High Order Byte) 






3 


Op Code Address + 2 




Destination Address (Low Order Byte) 






4 


Operand Destination Address 





Data from Accumulator 


LDS 


5 


1 


Op Code Address 




Op Code 


LDX 




2 


Op Code Address + 1 




Address of Operand (High Order Byte) 


LDD 




3 


Op Code Address + 2 




Address of Operand (Low Order Byte) 






4 


Address of Operand 




Operand Data (High Order Byte) 






5 


Address of Operand + 1 




Operand Data (Low Order Byte) 


STS 


5 


1 


Op Code Address 




Op Code 


STX 




2 


Op Code Address + 1 




Address of Operand (High Order Byte) 


STD 




3 


Op Code Address + 2 




Address of Operand (Low Order Byte) 






4 


Address of Operand 





Operand Data (High Order Byte) 






5 


Address of Operand + 1 





Operand Data (Low Order Byte) 


ASL LSR 


6 


1 


Op Code Address 




Op Code 


ASR NEC 




2 


Op Code Address + 1 




Address of Operand (High Order Byte) 


CLR ROL 




3 


Op Code Address + 2 




Address of Operand (Low Order Byte) 


COM ROR 




4 


Address of Operand 




Current Operand Data 


DEC TST* 




5 


Address Bus FFFF 




Low Byte of Restart Vector 


INC 




6 


Address of Operand 





New Operand Data 


CPX 


6 


1 


Op Code Address 




Op Code 


SUBD 




2 


Op Code Address + 1 




Operand Address (High Order Byte) 


ADDD 




3 


Op Code Address + 2 




Operand Address (Low Order Byte) 






4 


Operand Address 




Operand Data (High Order Byte) 






5 


Operand Address + 1 




Operand Data (Low Order Byte) 






6 


Address Bus FFFF 




Low Byte of Restart Vector 


JSR 


6 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Address of Subroutine (High Order Byte) 






3 


Op Code Address + 2 




Address of Subroutine (Low Order Byte) 






4 


Subroutine Starting Address 




Op Code of Next Instruction 






5 


Stack Pointer 





Return Address (Low Order Byte) 






6 


Stack Pointer - 1 





Return Address (High Order Byte) 



In the TST instruction, the line condition of the sixth cycle does the following: R/W = 



High", AB ■= FFFF, DB « Low Byte of Reset Vector. 
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Table 14 Cycle by Cycle Operation (Continued) 



Address Mode & 
Instructions 



Cycles 



Cycle 

# 



Address Bus 



R/W 
Line 



Data Bus 



INDEXED 



JMP 


3 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Offset 






3 


Address Bus FFFF 




Low Byte of Restart Vector 


ADC EOR 


4 


1 


Op Code Address 




Op Code 


ADD LDA 




2 


Op Code Address + 1 




Offset 


AND ORA 




3 


Address Bus FFFF 




Low Byte of Restart Vector 


BIT SBC 




4 


Index Register Plus Offset 




Operand Data 


CMP SUB 












STA 


4 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Offset 






3 


Address Bus FFFF 




Low Byte of Restart Vector 






4 


Index Register Plus Offset 





Operand Data 


LDS 


5 


1 


Op Code Address 




Op Code 


LDX 




2 


Op Code Address + 1 




Offset 


LDD 




3 


Address Bus FFFF 




Low Byte of Restart Vector 






4 


Index Register Plus Offset 




Operand Data (High Order Byte) 






5 


Index Register Plus Offset + 1 




Operand Data (Low Order Byte) 


STS 


5 


1 


Op Code Address 




Op Code 


STX 




2 


Op Code Address + 1 




Offset 


STD 




3 


Address Bus FFFF 




Low Byte of Restart Vector 






4 


Index Register Plus Offset 





Operand Data (High Order Byte) 






5 


Index Register Plus Offset + 1 





Operand Data (Low Order Byte) 


ASL LSR 


6 


1 


Op Code Address 




Op Code 


ASR NEG 




2 


Op Code Address + 1 




Offset 


CLR ROL 




3 


Address Bus FFFF 




Low Byte of Restart Vector 


COM ROR 




4 


Index Register Plus Offset 




Current Operand Data 


DEC TST " 




5 


Address Bus FFFF 




Low Byte of Restart Vector 


INC 




6 


Index Register Plus Offset 





New Operand Data 


CPX 


6 


1 


Op Code Address 




Op Code 


SUBD 




2 


Op Code Address + 1 




Offset 


ADDD 




3 


Address Bus FFFF 




Low Byte of Restart Vector 






4 


Index Register + Offset 




Operand Data (High Order Byte) 






5 


Index Register + Offset + 1 




Operand Data (Low Order Byte) 






6 


Address Bus FFFF 




Low Byte of Restart Vector 


JSR 


6 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Offset 






3 


Address Bus FFFF 




Low Byte of Restart Vector 






4 


Index Register + Offset 




First Subroutine Op Code 






5 


Stack Pointer 





Return Address (Low Order Byte) 






6 


Stack Pointer - 1 





Return Address (High Order Byte) 



in the TST instruction, the line condition of the sixth cycle does the following: R/W > 



'High", AB = FFFF, DB = Low Byte of Reset Vector. 

(Continued) 
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Table 14 Cycle by Cycle Operation (Continued) 



Address Mode & 
Instructions 



Cycles 



Cycle 

# 



Address Bus 



R/W 
Line 



Data Bus 



IMPLIED 



ABA DAA SEC 


2 


1 


Op Code Address 


1 


Op Code 


ASL DEC SEI 




2 


Op Code Address + 1 


1 


Op Code of Next Instruction 


ASR INC SEV 












CBA LSR TAB 












CLC NEG TAP 












CLI NOP TBA 












CLR ROL TPA 












CLV ROR TST 












COM SBA 












ABX 


3 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Irrelevant Data 






3 


Address Bus FFFF 




Low Byte of Restart Vector 


ASLD 


3 


1 


Op Code Address 




Op Code 


LSRD 




2 


Op Code Address + 1 




Irrelevant Data 






3 


Address Bus FFFF 




Low Byte of Restart Vector 


DES 


3 


1 


Op Code Address 




Op Code 


INS 




2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Previous Register Contents 




Irrelevant Data 


INX 


3 


1 


Op Code Address 




Op Code 


DEX 




2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Address Bus FFFF 




Low Byte of Restart Vector 


PSHA 


3 


1 


Op Code Address 




Op Code 


PSHB 




2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Stack Pointer 





Accumulator Data 


TSX 


3 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Stack Pointer 




Irrelevant Data 


TXS 


3 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Address Bus FFFF 




Low Byte of Restart Vector 


PULA 


4 


1 


Op Code Address 




Op Code 


PULB 




2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Stack Pointer 




Irrelevant Data 






4 


Stack Pointer + 1 




Operand Data from Stack 


PSHX 


4 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Irrelevant Data 






3 


Stack Pointer 




Index Register (Low Order Byte) 






4 


Stack Pointer + 1 




Index Register (High Order Byte) 


PULX 


5 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Irrelevant Data 






3 


Stack Pointer 




Irrelevant Data 






4 


Stack Pointer + 1 




Index Register (High Order Byte) 






5 


Stack Pointer +2 




Index Register (Low Order Byte) 


RTS 


5 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Irrelevant Data 






3 


Stack Pointer 




Irrelevant Data 






4 


Stack Pointer + 1 




Address of Next Instruction 
(High Order Byte) 






5 


Stack Pointer + 2 


1 


Address of Next I nstruction 
(Low Order Byte) 
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Table 14 Cycle by Cycle Operation (Continued) 



Address Mode & 
Instruction 


Cycles 


Cycle 


Address Bus 


R/W 
Line 


Data Bus 


WAI *• 


9 


1 


Op Code Address 


1 


Op Code 






2 


Op Code Address + 1 


1 


Op Code of Next Instruction 






3 


Stack Pointer 





Return Address (Low Order Byte) 






4 


Stack Pointer - 1 





Return Address (High Order Byte) 






5 


Stack Pointer - 2 





Index Register (Low Order Byte) 






6 


Stack Pointer - 3 





Index Register (High Order Byte) 






7 


Stack Pointer — 4 





Contents of Accumulator A 






8 


Stack Pointer - 5 





Contents of Accumulator B 






9 


Stack Pointer — 6 





Contents of Cond. Code Register 


MUL 


10 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Irrelevant Data 






3 


Address Bus FFFF 




Low Byte of Restart Vector 






4 


Address Bus FFFF 




Low Byte of Restart Vector 






5 


Address Bus FFFF 




Low Byte of Restart Vector 






6 


Address Bus FFFF 




Low Byte of Restart Vector 






7 


Address Bus FFFF 




Low Byte of Restart Vector 






8 


Address Bus FFFF 




Low Byte of Restart Vector 






9 


Address Bus FFFF 




Low Byte of Restart Vector 






10 


Address Bus FFFF 




Low Byte of Restart Vector 


RTI 


10 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Irrelevant Data 






3 


Stack Pointer 




Irrelevant Data 






4 


Stack Pointer + 1 




Contents of Cond. Code Reg. 
from Stack 






5 


Stack Pointer + 2 




Contents of Accumulator B 
from Stack 






6 


Stack Pointer + 3 




Contents of Accumulator A 
from Stack 






7 


Stack Pointer + 4 




Index Register from Stack 
(High Order Byte) 






8 


Stack Pointer + 5 




Index Register from Stack 
(Low Order Byte) 






9 


Stack Pointer + 6 




Next Instruction Address from 
Stack (High Order Byte) 






10 


Stack Pointer + 7 




Next Instruction Address from 
Stack (Low Order Byte) 


SWI 


12 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Irrelevant Data 






3 


Stack Pointer 





Return Address (Low Order Byte) 






4 


Stack Pointer - 1 





Return Address (High Order Byte) 






5 


Stack Pointer - 2 





Index Register (Low Order Byte) 






6 


Stack Pointer - 3 





Index Register (High Order Byte) 






7 


Stack Pointer — 4 





Contents of Accumulator A 






8 


Stack Pointer - 5 





Contents of Accumulator B 






9 


Stack Pointer - 6 





Contents of Cond. Code Register 






10 


Stack Pointer - 7 


1 


Irrelevant Data 






11 


Vector Address FFFA (Hex) 


1 


Address of Subroutine 
(High Order Byte) 






12 


Vector Address FFFB (Hex) 


1 


Address of Subroutine 
(Low Order Byte) 



>* While the MCU is in the "Wait" state, its bus state will appear as a series of the MCU reads of an address which is seven locations 
less than the original contents of the Stack Pointer. Contrary to the HD6800, none of the ports are driven to the high impedance 
state by a WAI instruction. 
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Table 14 Cycle by Cycle Operation (Continued) 



Address Mode & 
Instruction 



Cycles 



Cycle 



Address Bus 



R/W 
Line 



Data Bus 



RELATIVE 



BCC BHT BNE 


3 


1 


Op Code Address 


1 


Op Code 


BCS BLE BPL 




2 


Op Code Address + 1 


1 


Branch Offset 


BEQ BLS BRA BRN 




3 


Address Bus FFFF 


1 


Low Byte of Restart Vector 


BGE BLT BVC 












BGT BMT BVS 












BSR 


6 


1 


Op Code Address 


1 


Op Code 






2 


Op Code Address + 1 


1 


Branch Offset 






3 


Address Bus FFFF 


1 


Low Byte of Restart Vector 






4 


Subroutine Starting Address 


1 


Op Code of Next Instruction 






5 


Stack Pointer 





Return Address (Low Order Byte) 






6 


Stack Pointer — 1 





Return Address (High Order Byte) 



■ SUMMARY OF UNDEFINED INSTRUCTIONS OPERA- 
TION 

The MCU has 36 undefined instructions. When these are 
carried out, the contents of Register and Memory in MCU 
change at random. 



When the op codes (4E, 5E) are used to execute, the MCU 
continues to increase the program counter and it will not stop 
until the Reset signal enters. These op codes are used to test the 
LSI. 



Table 15 Op Codes Map 



HD68P01 MICROCOMPUTER INSTRUCTIONS 




OP 
CODE 




ACC 
A 


ACC 
B 


IND 


EXT 


ACCA or SP 


ACCB or X 




IMM 


DIR 


IND 


EXT 


IMM 


DIR 


IND 


EXT 




LO 


HI 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 







1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 




0000 







SBA 


BRA 


TSX 


NEG 


SUB 





0001 


1 


NOP 


CBA 


BRN 


INS 


_-— —~~ " 


CMP 


1 


0010 


2 






BHI 


PULAI+1) 


— — ~~ 


SBC 


2 


0011 


3 






BLS 


PULB(+1) 


COM 


• 


SUBD (+2) I • 


ADDD (+2) 


3 


0100 


4 


LSRDOU 




BCC 


OES 


LSR 


AND 


4 


0101 


5 


ASLOI+1) 




BCS 


TXS 


^__ -—" 


BIT 


5 


0110 


6 


TAP 


TAB 


BNE 


PSHA 




ROR 




LDA 


6 


0111 


7 


TPA 


TBA 


BEQ 


PSHB 


ASR 


^ 


STA 


\^ 


STA 


7 


1000 


8 


INXI+11 




BVC 


PULX (+2) 


ASL 


EOR 


8 


1001 


9 


DEXI+11 


OAA 


BVS 


RTS (+2) 


ROL 


ADC 


9 


1010 


A 


CLV 




BPL 


ABX 


DEC 


ORA 


A 


1011 


B 


SEV 


ABA 


8MI 


RTI (+7) 


^__ ■ """ 


ADD 


8 


1100 


C 


CLC 




BGE 


PSHXl+1) 


INC 




CPX (+2) 




LDDl+1) 


C 


1101 





SEC 


/ 


BLT 


MUL (+7) 


TST 


BSR 
(+4) 


JSR (+2) 


•(+1) 


STDI+1) 


D 


1110 


E 


CLI 




BGT 


WAI (+6) 


__,♦• 


"I JMP 


(-3) 


• 


LDSI+1) 




LDXI+1) 


E 


1111 


F 


SEI 




BLE 


SWI (+9) 


CLR 


J<*lf 


STSI+1) 


jr i+i) 


STXI+1) 


F 


BYTE/CYCLE 


1/2 


1/2 


2/3 


1/3 


1/2 


1/2 | 2/6 


3/6 


2/2 


2/3 | 2/4 


3/4 


2/2 


2/3 | 2/4 | 3/4 





(NOTES) 1 . Undefined Op codes are marked with L— - -") . 

2. ( ) indicate that the number in parenthesis must be added to the cycle count for that instruction. 

3. The instructions shown below are all 3 bytes and are marked with "•". 

Immediate addressing mode of SUBD. CPX, LDS. ADDD. LDO and LDX instructions, and undefined op codes 
(8F.CO.CF). 

4. The Op codes (4E, SE) are 1 byte/"' cycles instructions, and are marked with "••". 



m HITACHI 



575 



HD68P01V07, HD68P01V07-1, HD68P01M0, HD68P01M0-1- 



■ PRECAUTIONS WHEN EMULATING 
THE HD6801 FAMILY 

The HD68P01 series has 8k-byte EPROM space internally in 
location SEOOO to $FFFF. Note the following when emulating 
the HD6801S0 (2k-byte ROM on-chip) and the HD6801V0 
(4k-byte ROM on-chip) with the HD68P01 series. 

OModeO, 1,6 

Table 16 shows the address which may be used for the inter- 
nal ROM space. 



(Note 1 ) In Table 16, the following addresses are external like the ROM 

on-chip type: 

$FFFOto$FFFFinMode1 

$FFFE and $FFFF (reset vector) just after releasing reset in 

Mode 
(Note 2) In Mode 0, data will not appear at Port 3 if accessing the 

EPROM addresses. It is different from the ROM on-chip type. 

2) Mode 5, 7 

Table 18 shows the addresses which may be used for the 
internal ROM space without any limitations. 



Table 16 



HD6801S0 


$F800to$FFFF(2kbytes) 


HD6801V0 


$F000 to $FFFF(4k bytes) 



Mode 0, 1 and 6 are expanded modes. When emulating the 
HD6801S0 and the HD6801V0, the addresses shown in Table 
1 7 should not be used externally because they are the internal 
space in the EPROM on the package type. (See Fig. 26) 



Table 18 



HD6801S0 


$F800to$FFFF(2kbytes) 


HD6801V0 


$F000to$FFFF(4kbytes) 



3) Mode 2,3,4 

In these modes, the internal ROM is disable. The EPROM 
on the package type may be used equivalently as the ROM on- 
chip type. 



Table 17 



HD6801S0 


$E000to$F7FF(6kbytes) 


HD6801V0 


$E000to$EFFF (4k bytes) 



(Example) 



ROM On-chip Type 



External . 

Memory Space 



Internal 
Addresses 



SEOOO 



$EFFF 
$F000 



$F7FF 
$F800 



$FFFF 



EPROM on the Package Type 



® 



m 




> External Memory 
Space 



>( Internal Addresses) 



>4k-Byte EPROM Space 



Internal Addresses 

> Corresponding to the 

ROM On-chip Type 



Figure 26 Memory Map Example when Emulating the HD6801S0 
with the HD68P01M0 and the 4k -Byte EPROM 



Figure 26 shows a.n address map example when emulating the 
HD6801SO with the HD68P01M0 and the 4k-byte EPROM in 
mode 0, 1 and 6. In the emulation of expanded modes, the 
addresses for memories and peripherals may be used externally 
in space A, but not in space B and C which are internal ad- 
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dresses in the EPROM on the package type. 

Figure 27 and 28 show the memory maps when emulating 
the HD6801S0 and HD6801V0 with the EPROM on the pack- 
age type and the EPROM. 



HD68P01V07, HD68P01V07-1, HD68P01M0, HD68P01M0-1 



EPROM on the Package Type 



HD68P01V07/-1 



HD68P01MO/-1 



EPROM 



HN482732A 



HN482732A 



HN482764 



Memory Map 



External 
Address 



Unusable 
Address 



V/®V//A 
Wf////t 



Internal 
ROM Address 



MCU 
Address 



EPROM 
Address 



$EOOO 



$F000 1$000 



$F800EZ 



$FFFF 



B7FF 
5800 



$FFF 



MCU EPROM 

Address Address 

$E000' — 



$F000f 1 $000 



$F7FF_ 
$F800 5 



$FFFF 



vm 



$7FF 
$800 



3$FFF 



MCU 
Address 



I 

$E000t 



$F7FF 
$F800 



$FFFF 






EPROM 
Address 



$0000 



>17FF 
.1800 



$1FFF 



Figure 27 Memory Map When Emulating the HD6801S0 



EPROM on the Package Type 



HD68P01V07/-1 



HD68P01M0/-1 



EPROM 



HN482732A 



HN482732A 



HN482764 



Memory Map 



External 
Address 



Unusable 
Address 



y//wj 
w/WA 



Internal 
ROM Address 





$FFFF 



$FFF 



MCU EPROM 

Address Address 




$FFFF 



$1FFF 



Figure 28 Memory Map When Emulating the HD6801V0 
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■ PRECAUTION TO USE EPROM ON THE PACKAGE 8-BIT 
SINGLE-CHIP MICROCOMPUTER 

As this microcomputer takes a special packaging type with 
pin sockets on its surface, pay attention to the fallowings; 

(1) Do not apply higher electro-static voltage or serge voltage 
etc. than maximum rating, or it may cause permanent 
damage to the device. 

(2) There are 28 pin sockets on its surface. When using 32k 




Let the index-side four pins open. 
When using 24 pin EPROM, match 
its index and insert it into lower 
24 pin sockets. 



EPROM (24 pins), let the index-side four pins open. 
(3) When assembling this LSI into user's system products as 
well as the mask ROM type 8-bit single-chip microcompu- 
ter, pay attention to the fallowings to keep the good ohmic 
contact between EPROM pins and pin sockets, 
(a). When soldering on a printed circuit board, etc., keep its 
condition under 250°C within 10 seconds. Over-time/ 
temperature may cause the bonding solder of socket 
pins to meet and the sockets may drop. 

(b) Keep out detergent or coater from the pin sockets at 
aft-solder flux removal or board coating. The flux or 
coater may make pin socket contactivity worse. 

(c) Avoid the permanent use of this LSI under the ever- 
vibratory place and system. 

(d) Repeating insertion/removal of EPROMs may damage 
the contactivity of the pin sockets, so it is recommend- 
ed to assemble new ones to your system products. 

(4) In order to perform the normal operation at 1 .25 MHz, it 
is recommended to use the EPROM whose access time is 
less than 300 ns. 

Ask our sales agent about anything unclear. 
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HD68P05V07 

MCU (Microcomputer Unit) 



The HD68P05V is the 8-bit Microcomputer Unit (MCU) 
which contains a CPU, on-chip clock, RAM, I/O and timer. It is 
designed for the user who needs an economical microcomputer 
with the proven capabilities of the HD6800-based instruction 
set. Setting EPROM on the package, this MCU has the equiva- 
lent function as the HD6805U and HD6805V. HD68P05V07 
uses HN482732A as EPROM. The following are some of the h- 
ardware and software highlights of the MCU. 



HARDWARE FEATURES 

8-Bit Architecture 

96 Bytes of RAM 

Memory Mapped I/O 

Internal 8-Bit Timer with 7-Bit Prescaler 

Vectored Interrupts - External, Timer and Software 

24 I/O Porte + 8 Input Port 

(8 Lines Directly Drive LEDs; 7 Bits Comparator Inputs) 

On-Chip Clock Circuit 

Master Reset 

Complete Development System Support by Evaluation Kit 

5 Vdc Single Supply 



HD68P05V07 




(DC-40P) 



■ PIN ARRANGEMENT 



SOFTWARE FEATURES 

Similar to HD6800 

Byte Efficient Instruction Set 

Easy to Program 

True Bit Manipulation 

Bit Test and Branch Instructions 

Versatile Interrupt Handing 

Powerful Indexed Addressing for Tables 

Full Set of Conditional Branches 

Memory Usable as Registers/Flags 

Single Instruction Memory Examine/Change 

10 Powerful Addressing Modes 

All Addressing Modes Apply to ROM, RAM and I/O 

Compatible Instruction Set with HD6805 



HD68P05V07 



OVcc 


VccO 


ONC 


VccO 


O ADR 7 


VccO 


O ADRa 


ADRs O 


O ADRb 


ADR 9 O 


OADR 4 


ADR11O 


OADRs 


VssO 


OADR2 


ADR10O 


OADR1 


CEO 


O ADRo 


O7 O 


OOo 


8 O 


OO1 


Os O 


OO2 


04 O 


OV ss 


O3 O 



40]A7 
"3?1 A B 
IDA* 
1]A4 
ID A3 
"371 A 2 
3£]Ai 
33] Ao 
EIB7 
3T]B6 
30] Bs 
il]B4 
I*]* 
1]B2 

H]B, 
ill Bo 
ID Do 
IDDi 

M1d 2 

IDD3 



(Top View) 



Note) EPROM is not attached to the MCU. 
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■ BLOCK DIAGRAM 



XTAL EXTAL 



RES NUM INT 
i 



Port B 
I/O Lines 




Address 
Output Lines 



ADR, ♦- 
ADR, — 
ADR,,*- 
ADR„ «- 

CE ♦- 



Address 
Output 
Buffer 
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ABSOLUTE MAXIMUM RATINGS 



■■ -1 " 

Item ! Symbol 


Value 


Unit 


Supply Voltage 


Vcc* 


-0.3 ~ +7.0 


V 


Input Voltage (EXCEPT TIMER) 


V in * 


-0.3- +7.0 


V 


Input Voltage (TIMER) 


-0.3 ~ +12.0 


V 


Operating Temperature 


' opr 


~+70 


°C 


Storage Temperature 


' stg 


-55-+150 


°C 



* With respect to V S s (SYSTEM GND) 

(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under 
recommen'ded operating conditions. If these conditions are exceeded, it could affect reliability of LSI. 



ELECTRICAL CHARACTERISTICS 

DC CHARACTERISTICS (Vcc=5.25V ± 0.5V, Vss=GND, Ta=0~+70°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 




RES 


V|H 




4.0 


- 


Vcc 


V 


Input "High" Voltage 


TnT 


3.0 


- 


Vcc 


V 




All Other 


2.0 


- 


Vcc 


V 




RES 


V, L 




-0.3 


- 


0.8 


V 


Input "Low" Voltage 


TNT 


-0.3 


- 


0.8 


V 


XTAL (Crystal Mode) 


-0.3 


- 


0.6 


V 




All Other 


-0.3 


- 


0.8 


V 


Power Dissipation 


Pd 




- 


- 


700 


mW 


Low Voltage Recover 


LVR 




- 


- 


4.75 


V 




TIMER 


I.L 


V in =0.4V~V cc 


-20 


- 


20 


MA 


Input Leak Current 


TnT 


-50 


- 


50 


ma 




XTAL (Crystal Mode) 


-1200 


- 





HA 



• AC CHARACTERISTICS (Vcc=5.25V ± 0.5V, Vss=GND. Ta=0~+70°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Clock Frequency 


•cl 




0.4 


- 


4.0 


MHz 


Cycle Time 


tcyc 




1.0 


- 


10 


jus 


TNT Pulse Width 


*IWL 




*cyc 

250 


- 


- 


ns 


RES Pulse Width 


*RWL 




tcyc + 
250 


- 


- 


ns 


TIMER Pulse Width 


*TWL 




t CV c + 

250 


- 


- 


ns 


Oscillation Start-up Time (Crystal Mode) 


tosc 


C L =22pF±20%, 
R s =60ft max. 


- 


- 


100 


ms 


Delay Time Reset 


Irhl 


External Cap. = 2.2 pF 


100 


- 


- 


ms 


Input Capacitance 


EXTAL 


Cin 


v in =ov 


- 


- 


35 


pF 


All Other 


- 


- 


12.5 


PF 
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• PORT ELECTRICAL CHARACTERISTICS (V cc = 5.25V ± 0.5V, Vss = GND, Ta = 0~+70 o C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 




Port A 


V H 


I h = -10juA 


3.5 


- 


- 


V 




Ioh = -100/hA 


2.4 


- 


- 


V 


Output "High" Voltage 


Port B 


Ioh = -200 /iA 


2.4 


- 


- 


V 




lOH = -1 m A 


1.5 


- 


- 


V 




PortC 


l 0H = -100/uA 


2.4 


- 


- 


V 




Port A and C 


Vol 


Iol = 1.6 mA 


- 


- 


0.4 


V 


Output "Low" Voltage 


PortB 


l L = 3.2 mA 


- 


- 


0.4 


V 




Iol = 10 mA 


- 


- 


1.0 


V 


Input "High" Voltage 


Port A, B. C, 
andD* 


VlH 




2.0 


— 


Vcc 


V 


Input "Low" Voltage 


V|L 




-0.3 


- 


0.8 


V 




Port A 


IlL 


V in = 0.8V 


-500 


- 


- 


/uA 


Input Leak Current 


V in = 2V 


-300 


- 


- 


HA 




Port B, C, 
and D 


V in = 0.4V~V cc 


- 20 


- 


20 


HA 


Input "High" Voltage 


Port D** 
(D ~D 6 ) 


V,H 




- 


Vth+0.2 


— 


V 


Input "Low" Voltage 


PortD** 
(D ~D 6 ) 


V,L 




- 


Vth-0.2 


— 


V 


Threshold Voltage 


PortD**(D 7 ) 


V T H 







— 


0.8xV cc 


V 



* Port D as digital input 
** Port D as analog input 



TTL Equiv. (Port B) 



lj = 3.2 mA 



Test Point 




q=40pF < 12kft 




■44 » 



TTL Equiv. (Port A and C) 



Test Point 

O f- 



Vi 



li = 1.6 mA 




30 pF <24kU 



(NOTE) 1. Load capacitance includes the floating capacitance of the probe and the jig etc. 
2. All diodes are 1S2074 (R)or equivalent. 

Figure 1 Bus Timing Test Loads 



■ SIGNAL DESCRIPTION 

The input and output signals for the MCU, shown in PIN 
ARRANGEMENT, are described in the following paragraphs. 

• V cc and Vgg 

Power is supplied to the MCU using these two pins. V cc 
is +5. 25 V ±0.5V. V ss is the ground connection. 

• INT 

This pin provides the capability for asynchronously applying 
an external interrupt to the MCU. Refer to INTERRUPTS 
for additional information. 

• XTALandEXTAL 

These pins provide connections for the on-chip clock circuit. 
A crystal (AT cut, 4 MHz maximum) can be connected to these 
pins to provide a system clock with various stability. Refer to 
INTERNAL OSCILLATOR for recommendations about these 



inputs. 

• TIMER 

This pin allows an external input to be used to decrement 
the internal timer circuitry. Refer to TIMER for additional 
information about the timer circuitry. 

• RES 

This pin allows resetting of the MCU. Refer to RESETS 
for additional information. 

• NUM 

This pin is not for user application and should be connected 
toV ss . 
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• Input/Output Lines (A ~ A 7 , B ~ B 7 , C ~ C 7 ) 

These 24 lines are arranged into three 8-bit ports (A, B and 
C). All lines are programmable as either inputs or outputs under 
software control of the Data Direction Register (DDR). Refer to 
INPUT/OUTPUT for additional information. 

• Input Lines (D ~ D 7 ) 

These are 8-bit input lines, which has two functions. Firstly, 
these are TTL compatible inputs, in location $003. The other 
function of them is 7 bits comparator in location $007. Refer to 
INPUT for more detail. 

■ REGISTERS 

The MCU has five registers available to the programmer. 
They are shown in Figure 2 and are explained in the following 
paragraphs. 



I Program Counter 



I I I I I I ' I 1 I SP I Stack Poir 



|h|i|n|z[c| Condition Code Register 

' Carry/Borrow 

Zero 

Negative 

Interrupt Mask 

Halt Carry 

Figure 2 Programming Model 

• Accumulator (A) 

The accumulator is a general purpose 8-bit register used to 
hold operands and results of arithmetic calculations or data 
manipulations. 

• Index Register (X) 

The index register is an 8 -bit register used for the indexed 
addressing mode. It contains an 8-bit address that may be added 
to an offset value to create an effective address. The index 
register can also be used for limited calculations and data 
manipulations when using read/modify/write instructions. When 
not required by a code sequence being executed, the index 
register can be used as a temporary storage area. 

• Program Counter (PC) 

The program counter is a 13-bit register that contains the 
address of the next instruction to be executed. 



• Stack Pointer (SP) 

The stack pointer is a 13-bit register that contains the address 
of the next free location on the stack. Initially, the stack point- 
er is set to location $007F and is decremented as data is being 
pushed onto the stack and incremented as data is being pulled 
from the stack. The six most significant bits of the stack pointer 
are permanently set to 0000001 1. During an MCU reset or the 
reset stack pointer (RSP) instruction, the stack pointer is set 
to location $007F. Subroutines and interrupts may be nested 
down to location $0061 which allows the programmer to use up 
to 1 5 levels of subroutine calls. 

• Condition Code Register (CO 

The condition code register is a 5 -bit register in which each 
bit is used to indicate or flag the results of the instruction just 
executed. These bits can be individually tested by a program 
and specific action taken as a result of their state. Each indi- 
vidual condition code register bit is explained in the following 
paragraphs. 
Half Carry (H) 

Used during arithmetic operations (ADD and ADC) to 
indicate that a carry occurred between bits 3 and 4. 
Interrupt (I) 

This bit is set to mask the timer and external interrupt (INT). 
If an interrupt occurs while this bit is set it is latched and will be 
processed as soon as the interrupt bit is reset. 
Negative (N) 

Used to indicate that the result of the last arithmetic, logical 
or data manipulation was negative (bit 7 in result equal to a 
logical one). 
Zero (Z) 

Used to indicate that the result of the last arithmetic, logical 
or data manipulation was zero. 
Carry/Borrow (C) 

Used to indicate that a carry or borrow out of the arithmetic 
logic unit (ALU) occurred during the last arithmetic operation. 
This bit is also affected during bit test and branch instructions, 
shifts, and rotates. 

■ TIMER 

The MCU timer circuitry is shown in Figure 3. The 8-bit 
counter, the Timer Data Register (TDR), is loaded under pro- 
gram control and counts down toward zero as soon as the clock 
input is applied. When the timer reaches zero, the timer inter- 
rupt request bit (bit 7) in the Timer Control Register (TCR) is 
set. The MCU responds to this interrpt by saving the present 
CPU state on the stack, fetching the timer interrupt vector from 
locations $0FF8 and S0FF9 and executing the interrupt rou- 
tine. The timer interrupt can be masked by setting the timer 



TIMER Input Pin \ZD~ 
TCR bit 4 



^^ 


I — V-, 






Prescaler 
2' 2 2 2 3 2" 2 5 2 6 2 7 




Timer Control Register 


1 — 


L^r— 


2° 


(TCR) 


— x 










/- 1 






1 1 1 1 1 1 1 






y 




Multiplex 


— \ ,, 




" 




* 1 Prescaler 




" 


' 


















Clock Input 












8-bit Counter 
Timer Data Register (TDR) 


— 






D A 








■*— Timer Interrupt Mask 














qure 3 Timer Block Diagram 




b 4 — 


* — 1 Clock Input 
^ j Source Option 


Fi 
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interrupt mask bit (bit 6) in the TCR. The interrupt bit (I bit) in 
the Condition Code Register also prevents a tinier interrupt 
from being processed. 

The clock input to the timer can be from an external source 
applied to the TIMER input pin or it can be the internal #2 
signal. When the 02 signal is used as the source, it can be gated 
by an input applied to the TIMER input pin allowing the 
user to easily perform pulse-width measurements. A prescaler 
option can be applied to the clock input that extends the timing 
interval up to a maximum of 128 counts before decrementing 
the counter (TDR). The timer continues to count past zero, 
falling through to $FF from zero and then continuing the 
count. Thus, the counter (TDR) can be read at any time by 
reading the TDR. This allows a program to determine the length 
of time since a time interrupt has occurred and not disturb 
the counting process. 

The TDR is 8-bit read/write register in location $008. At 
power-up or reset, the TDR and the prescaler are initialize with 
all logical ones. 

The timer interrupt request bit (bit 7 of the TCR) is set by 
hardware when timer count reaches zero, and is cleared by pro- 
gram or by hardware reset. The bit 6 of the TCR is writable by 
program. Both of those bits can be read by MPU. 

The bit 5 and bit 4 of the TCR select a clock input source. 
The selections are shown in Table 1. Bit 3 is not used. Bit 2, bit 
1 and bit are used to select the prescaler dividing ratio, shown 
in Table 2. At reset, an internal clock by the TIMER input pin 
is selected as clock source and "-r 1 mode" is selected as the 
prescaler dividing ratio. 

(NOTE) If the MCU Timer is not used, the TIMER input pin 
must be grounded. 



■ RESETS 

The MCU can be reset tw o wa ys; by initial power-up and 
by the external reset input (RES), see Figure 4. All the I/O 
ports are initialized to input mode (DDRs are cleared) during 
reset.. 

During power-u p, a minimum 100 milliseconds is needed 
before allowing the RES input to go "High". 

This time allows the intern al cry stal oscillator to stabilize. 
Connecting a capacitor to the RES input, as shown in Figure 
5, typically provides sufficient delay. 




Figure 4 Power and RES Timing 



Part of 

HD68P05V 

MCU 



RE S Z±Z 2.2»iF 
W 



Table 1 Selection of Clock Input Source 



Timer Control 
Register (TCR) 


Clock Input Source 


Bit 5 


Bit 4 















1 


<j> 2 (Internal Clock) < Note2 > 


1 





______ ■ " 


1 


1 


TIMER Input Pin 



(NOTE) 1 . 0.0 and 1 .0 are not usable in mask option of 6805 
2. The TIMER input pin must be tied to Vqq, for 
uncontrolled <t>i clock. 



Table 2 


Selection of Prescaler Dividing Ratio 


Timer Control 
Register (TCR) 


Prescaler Dividing Ratio 


Bit 2 


Bit 1 


BitO 













Prescaler - 


-1 








1 


Prescaler - 


-2 





1 





Prescaler - 


-4 





1 


1 


Prescaler - 


-8 


1 








Prescaler - 


-16 


1 





1 


Prescaler - 


-32 


1 


1 





Prescaler - 


-64 


1 


1 


1 


Prescaler - 


-128 



Figure 5 Power Up Reset Delay Circuit 

■ INTERNAL OSCILLATOR 

The internal oscillator circuit is designed to require a mini- 
mum of external components. The use of a crystal (AT cut, 
4 MHz max) is sufficient to drive the internal oscillator with 
various stability. The different connection methods are shown 
in Figure 6. Crystal specifications are given in Figure 7. 



max -^ s 



22pF'20% 



3r 
T 



EXTAL HD68P05V 
MCU 



Crystal 



External 
Clock 
Input 



6 

i~1 



EXTAL H D68P05V 
MCU 
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External Clock 
Figure 6 Internal Oscillator 



HD68P05V07 




AT — Cut Parallel Resonance Crystal 

C„ = 7 pF max. 

f = 4 MHz 

R§ = 60 Ji max. 

Figure 7 Crystal Parameters 



■ INTERRUPTS 

The MCU can be i nterru pted three different ways: through 
the external interrupt (INT) input pin, the internal timer inter- 
rupt request, and a software interrupt instruction (SWI). When 
any interrupt occurs, processing is suspended, the present CPU 
state is pushed onto the stack in the order shown in Fig. 8, the 
interrupt bit (I) in the Condition Code Register is set, the ad- 
dress of the interrupt routine is obtained from the appropriate 
interrupt vector address, and the interrupt routine is executed. 
Since the stack pointer decrements during pushes, the low order 
byte (PCL) of the program counter is stacked first; then the 
high order five bits (PCH) are stacked. This ensures that the pro- 
gram counter is loaded correctly as the stack pointer increments 
when it pulls data from the stack. A subroutine call will canse 





C "««et ") 










1 




1 - 1 

7F -SP 

0-DDRs 

CLR INT Logic 

FF -» Timer 

7F -. Prejcaler 

7F-.TCR 






' 








Load PC From 
Reset:$0FFE,$0FFF 




V 


>^ InR 


eset ^V 







SWI \. Y SWI 



only the program counter (PCH, PCL) contents to be pushed 
onto the stack. This interrupt bit (I) in the condition code regis- 
ter is set, the address of the interrupt routine is obtained from 
the appropriate interrupt vector addrdss, and the interrupt rou- 
tine is executed. The interrupt service routines normally end 
with a return from interrupt (RTI) instruction which allows the 
MCU to resume processing of the program prior to the interrupt. 
Table 3 provides a listing of the interrupts, their priority, and 
the vector address that contain the starting address of the 
appropriate interrupt routine. 

A flowchart of the interrupt processing sequence is given 
in Fig. 9. 

7 6 5 4 3 2 1 p„„ 



n+2 
n + 3 
n+4 
n + 5 



* For subroutine calls, only PCH and PCL are stacked. 

Figure 8 Interrupt Stacking Order 
Table 3 Interrupt Priorities 



n-4 


1 1 1 


Condition 
Code Register 


n-3 


Accumulator 


n-2 


Index Register 


n-1 


1111 


PCH* 


n 


PCL' 



Interrupt 


Priority 


Vector Address 


RES 


1 


SOFFE and $0FFF 


SWI 


2 


$0FFCand$0FFD 


INT 


3 


$0FFAand$0FFB 


TIMER 


4 


$0FF8 and $0FF9 



Stack 
PC. X, A. CC 



Load PC From 

swj-$offc, $offd 
int:$0ffa,$0ffb 
timer :$0ff8,$0ff9 



Figure 9 Interrupt Processing Flowchart 
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■ INPUT/OUTPUT 

There are 24 input/output pins. All pins are programmable 
as either inputs or outputs under software control of the cor- 
responding Data Direction Register (DDR). When programmed 
as outputs, the latched output data is readable as input data, 
regardless of the logic levels at the output pin due to output 



loading (see Fig. 10). When Port B is programmed for outputs, 
it is capable of sinking 10mA on each pin (Vql = IV max). 
All input/output lines are TTL compatible as both inputs and 
outputs. Port A is CMOS compatible as outputs, and Port B and 
C are CMOS compatible as inputs. Figure 1 1 provides some 
examples of port connections. 




Data 

Direction 

Register 

Bit 


Output 
Data Bit 


Output 
State 


Input to 
MCU 


1 
1 




1 




1 

3-State 



1 
Pin 



Figure 10 Typical Port I/O Circuitry 



Port A 



A 
A, 






CMOS 
Load 












— 


i 
- | 


1.6 
mA 


TTL 
Load 



1'c-hF 



e-'b 



-A/Vv — • — VW 
R. R 



rr 



Port A Programmed as output (s), driving CMOS and TTL Load directly. p ort b Programmed as output(s), driving Darlington base directly, 

(a) (b) 




Port B 



Port B Programmed as output(s), driving LED(s) directly*, 
(c) 



Port C 



CMOS Inverter 



Port C Programmed as output (s), driving CMOS loads, using external 
pull-up resistors. (d) 



Figure 1 1 Typical Port Connections 



■ INPUT 

Port D can be used as either 8 TTL compatible inputs or 1 
threshold input and 7 analog inputs pins. Fig. 12 (a) shows the 
construction of port D. The Port D register at location $003 
stores TTL compatible inputs, and those in location $007 store 
the result of comparison Do to D6 inputs with D7 threshold 
input. Port D has not only the conventional function as inputs 
but also voltage-comparison function. Applying the latter, can 
easily check that 7 analog input electric potential max. exceeds 
the limit with the construction shown in Fig. 12 (b). Also, using 
one output pin of MCU, after external capacity is discharged 
at the preset state, charge the CR circuit of long enough time 
constant, apply the charging curve to the D7 pin. The construc- 
tion described above is shown in Fig. 12 (c). The compared 
result of Do to D6 is regularly monitored, which gives the 
analog input electric potential applied to Do to D6 pins from 
inverted time. This method enables 7 inputs to be converted 
from analog to digital. Furthermore, combination of two func- 
tions gives 3 level voltages from Do to D6. Fig. 12 (d) provides 
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the example when V-pn is set to 3.5V. 

■ BIT MANIPULATION 

The MCU has the ability to set or clear any single random 
access memory or input/output bit (except the data direction 
registers) with a single instruction (BSET, BCLR). Any bit in 
the page zero read only memory can be tested, using the BRSET 
and BRCLR instructions, and the program branches as a result 
of its state. This capability to work with any bit in RAM, ROM 
or I/O allows the user to have individual flags in RAM or to 
handle single I/O bits as control lines. The example in Figure 13 
illustrates the usefulness of the bit manipulation and test 
instructions. Assume that bit of port A is connected to a zero 
crossing detector circuit and that bit 1 of port A is connected to 
the trigger of a TRIAC which power the controlled hardware. 

This program, which uses only seven ROM locations, .pro- 
vides turn-on of the TRIAC within 14 microseconds of the zero 
crossing. The timer could also be incorporated to provide turn- 
on at some later time which would permit pulse-width modula- 
tion of the controlled power. 
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(a) The logic configuration of Port D 
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(b) Seven analog inputs and a reference level input of Port D 
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Figure 12 Configuration and Application of Port D 
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SELF 1 BRCLRO.PORTA.SELF 1 

BSET1.PORTA 
BCLR 1, PORT A 



Figure 13 Bit Manipulation Example 

■ ADDRESSING MODES 

The MCU has ten addressing modes available for use by the 
programmer. They are explained and illustrated briefly in the 
following paragraphs. 

• Immediate 

Refer to Figure 14. The immediate addressing mode accesses 
constants which do not change during program execution. Such 
instructions are two bytes long. The effective address (EA) is 
the PC and the operand is fetched from the byte following the 
opcode. 

• Direct 

Refer to Figure 15. in direct addressing, the address of the 
operand is contained in the second byte of the instruction. 
Direct addressing allows the user to directly address the lowest 
256 bytes in memory. All RAM space, I/O registers and 128 
bytes of ROM are located in page zero to take advantage of this 
efficient memory addressing mode. 

• Extended 

Refer to Figure 16. Extended addressing is used to reference 
any location in memory space. The EA is the contents of the 
two bytes following the opcode. Extended addressing instruc- 
tions are three bytes long. 

• Relative 

Refer to Figure 17. The relative addressing mode applies only 
to the branch instructions. In this mode the contents of the 
byte following the opcode is added to the program counter 
when the branch is taken. EA=(PC)+2+Rel. Rel is the contents 
of the location following the instruction opcode with bit 7 
being the sign bit. If the branch is not taken Rel=0, when a 
branch takes place, the program goes to somewhere within the 
range of +129 bytes to -127 of the present instruction. These 
instructions are two bytes long. 

• Indexed (No Offset) 

Refer to Figure 18. This mode of addressing accesses the 
lowest 256 bytes of memory. These instructions are one byte 
long and their EA is the contents of the index register. 

• Indexed (8-bit Offset) 

Refer to Figure 19. The EA is calculated by adding the 
contents of the byte following the opcode to the contents of 
the index register. In this mode, 51 1 low memory locations are 
accessable. These instructions occupy two bytes. 

• I ndexed ( 1 6-bit Offset) 

Refer to Figure 20. This addressing mode calculates the EA 
by adding the contents of the two bytes following the opcode 
to the index register. Thus, the entire memory space may be 
accessed. Instructions which use this addressing mode are three 
bytes long. 



• Bit Set/Clear 

Refer to Figure 21. This mode of addressing applies to 
instructions which can set or clear any bit on page zero. The 
lower three bits in the opcode specify the bit to be set or 
cleared while the byte following the opcode specifies the 
address in page zero. 

• Bit Test and Branch 

Refer to Figure 22. This mode of addressing applies to 
instructions which can test any bit in the first 256 locations 
($00-$FF) and branch to any location relative to the PC. The 
byte to be tested is addressed by the byte following the opcode. 
The individual bit within that byte to be tested is addressed by 
the lower three bits of the opcode. The third byte is the relative 
address to be added to the program counter if the branch condi- 
tion is met. These instructions are three bytes long. The value of 
the bit tested is written to the carry bit in the condition code 
register. 

• Implied 

Refer to Figure 23. The implied mode of addressing has no 
EA. All the information necessary to execute an instruction is 
contained in the opcode. Direct operations on the accumulator 
and the index register are included in this mode of addressing. 
In addition, control instructions such as SWI, RTI bel&ng to this 
group. All implied addressing instructions are one byte long. 

■ INSTRUCTION SET 

The MCU has a set of 59 basic instructions. They can be 
divided into five different types: register/memory, read/modify/ 
write, branch, bit manipulation, and control. The following 
paragraphs briefly explain each type. All the instructions within 
a given type are presented in individual tables. 

• Register/Memory Instructions 

Most of these instructions use two operands. One operand is 
either the accumulator or the index register. The other operand 
is obtained from memory using one of the addressing modes. 
The jump unconditional (JMP) and jump to subroutine (JSR) 
instructions have no register operand. Refer to Table 4. 

• Read/Modify /Write Instructions 

These instructions read a memory location or a register, 
modify or test its contents, and write the modified value back 
to memory or to the register. The test for negative or zero 
(TST) instruction is an exception to the read/modify/write 
instructions since it does not perform the write. Refer to Table 
5. 

• Branch Instructions 

The branch instructions cause a branch from the program 
when a certain condition is met. Refer to Table 6. 

• Bit Manipulation Instructions 

These instructions are used on any bit in the first 256 bytes 
of the memory. One group either sets or clears. The other group 
performs the bit test and branch operations. Refer to Table 7. 

• Control Instructions 

The control instructions control the MCU operations during 
program execution. Refer to Table 8. 

• Alphabetical Listing 

The complete instruction set is given in alphabetical order in 
Table 9. 

• Opcode Map 

Table 10 is an opcode map for the instructions used on the 
MCU. 
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Figure 14 Immediate Addressing Example 
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Figure 15 Direct Addressing Example 
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PROG LDA CAT 0409 
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Figure 16 Extended Addressing Example 
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Figure 17 Relative Addressing Example 
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Figure 18 Indexed (No Offset) Addressing Example 
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Figure 19 Indexed (8-Bit Offset) Addressing Example 
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Figure 20 Indexed (16-Bit Offset) Addressing Example 
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Figure 21 Bit Set/Clear Addressing Example 
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Figure 22 Bit Test and Branch Addressing Example 
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Figure 23 Implied Addressing Example 
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Tabte 4 Register/Memory Instructions 





Mnemonic 


1 


Addressing Modes 


Function 


Timed iate 


Direct 


Extended 


Indexed 
(No Offset) 


Indexed 
(8-Bit Offset) 


Indexed 
(16-Bit Offset) 




Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Load A from Memory 


LDA 


A6 


2 


2 


B6 


2 


4 


C6 


3 


5 


F6 




4 


E6 


2 


5 


D6 


3 


6 


Load X from Memory 


LDX 


AE 


2 


2 


BE 


2 


4 


CE 


3 


5 


FE 




4 


EE 


2 


5 


DE 


3 


6 


Store A in Memory 


STA 


- 


- 


_ 


B7 


2 


5 
5 


C7 


3 


6 


F7 




5 


E7 


2 


6 


D7 


3 


7 


Store X in Memory 


STX 


- 


- 


BF 


2 


CF 


3 


6 


FF 




5 


EF 


2 


6 


DF 


3 


7 


Add Memory to A 


ADD 


AB 


2 


2 


BB 


2 


4 


CB 


3 


5 


FB 




4 


EB 


2 


5 


DB 


3 


6 


Add Memory and 
Carry to A 


ADC 


A9 


2 


2 


B9 


2 


4 


C9 


3 


5 


F9 




4 


E9 


2 


5 


D9 


3 


6 


Subtract Memory 


SUB 


AO 


2 


2 


BO 


2 


4 


CO 


3 


5 


FO 




4 


EO 


2 


5 


DO 


3 


6 


Subtract Memory from 
A with Borrow 


SBC 


A2 


2 


2 


B2 


2 


4 


C2 


3 


5 


F2 




4 


E2 


2 


5 


02 


3 


6 


AND Memory to A 


AND 


A4 


2 


2 


B4 


2 


4 


C4 


3 


5 


F4 




4 


E4 


2 


5 


D4 


3 


6 


OR Memory with A 


ORA 


AA 


2 


2 


BA 


2 


4 


CA 


3 


5 


FA 




4 


EA 


2 


5 


DA 


3 


6 


Exclusive OR Memory 
with A 


ECR 


A8 


2 


2 


B8 


2 


4 


C8 


3 


5 


F8 




4 


E8 


2 


5 


08 


3 


6 


Arithmetic Compare A 
with Memory 


CMP 


A1 


2 


2 


B1 


2 


4 


CI 


3 


5 


F1 




4 


E1 


2 


5 


D1 


3 


6 


Arithmetic Compare X 
with Memory 


CPX 


A3 


2 


2 


B3 


2 


4 


C3 


3 


5 


F3 




4 


E3 


2 


5 


D3 


3 


6 


Bit Test Memory with A 
(Logical Compare) 


BIT 


A5 


2 


2 


B5 


2 


4 


C5 


3 


5 


F5 




4 


E5 


2 


5 


D5 


3 


6 


Jump Unconditional 


JMP 


- 


- 


- 


BC 


2 


3 


CC 


3 


4 


FC 




3 


EC 


2 


4 


DC 


3 


5 


Jump to Subroutine 


JSR 


- 


- 


- 


BD 


2 


7 


CD 


3 


8 


FD 




7 


ED 


2 


8 


DD 


3 


9 



Table 5 Read /Modify /Write Instructions 





Mnemonic 


Im 


Addressing Modes 


Function 


plied (A) 


Implied (X) 


Direct 


Indexed 
(No Offset) 


Indexed 
(8-Bit Offset) 




Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Increment 


INC 


4C 




4 


5C 


1 


4 


3C 


2 


6 


7C 




6 


6C 


2 




Decrement 


DEC 


4A 




4 


5A 


1 


4 


3A 


2 


6 


7A 




6 


6A 


2 




Clear 


CLR 


4F 




4 


5F 


1 


4 


3F 


2 


6 


7F 




6 


6F 


2 




Complement 


COM 


43 




4 


53 


1 


4 


33 


2 


6 


73 




6 


63 


2 




Negate 

(2's Complement) 


NEG 


40 




4 


50 


1 


4 


30 


2 


6 


70 




6 


60 


2 




Rotate Left Thru Carry 


ROL 


49 




4 


59 


1 


4 


39 


2 


6 


79 




6 


69 


2 




Rotate Right Thru Carry 


ROR 


46 




4 


56 


1 


4 


36 


2 


6 


76 




6 


66 


2 




Logical Shift Left 


LSL 


48 




4 


58 


1 


4 


38 


2 


6 


78 




6 


68 


2 




Logical Shift Right 


LSR 


44 




4 


54 


1 


4 


34 


2 


6 


74 




6 


64 


2 




Arithmetic Shift Right 


ASR 


47 




4 


57 


1 


4 


37 


2 


6 


77 




6 


67 


2 




Arithmetic Shift Left 


ASL 


48 




4 


58 


1 


4 


38 


2 


6 


78 




6 


68 


2 




Test for Negative or 
Zero 


TST 


4D 




4 


5D 


1 


4 


3D 


2 


6 


7D 




6 


60 


2 
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Table 6 Branch Instructions 





Mnemonic 


Relative Addressing Mode 


Function 


Op 
Code 


# 
Bytes 


# 
Cycles 


Branch Always 


BRA 


20 


2 


4 


Branch Never 


BRN 


21 


2 


4 


Branch IF Higher 


BHI 


22 


2 


4 


Branch 1 F Lower or Same 


BLS 


23 


2 


4 


Branch 1 F Carry Clear 


BCC 


24 


2 


4 


(Branch IF Higher or Same) 


(BHS) 


24 


2 


4 


Branch IF Carry Set 


BCS 


25 


2 


4 


(Branch IF Lower) 


(BLO) 


25 


2 


4 


Branch IF Not Equal 


BNE 


26 


2 


4 


Branch IF Equal 


BEQ 


27 


2 


4 


Branch IF Half Carry Clear 


BHCC 


28 


2 


4 


Branch 1 F Half Carry Set 


BHCS 


29 


2 


4 


Branch IF Plus 


BPL 


2A 


2 


4 


Branch IF Minus 


BMI 


2B 


2 


4 


Branch IF Interrupt Mask Bit is Clear 


BMC 


2C 


2 


4 


Branch IF Interrupt Mask Bit is Set 


BMS 


2D 


2 


4 


Branch IF Interrupt Line is Low 


BIL 


2E 


2 


4 


Branch IF Interrupt Line is High 


BIH 


2F 


2 


4 


Branch to Subroutine 


BSR 


AD 


2 


8 



Table 7 Bit Manipulation Instructions 





Mnemonic 


Addressing Modes 


Function 


Bit Set/Clear 


Bit Test and Branch 




Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Branch IF Bit n is set 


BRSETn (n=0 . 


...7) 


- 


- 


- 


2-n 


3 


10 


Branch IF Bit n is clear 


BRCLR n (n=0 


....7) 


- 


- 


- 


01+2'n 


3 


10 


Set Bit n 


BSET n (n=0 .... 


.7) 


10+2-n 


2 


7 


- 


- 


- 


Clear bit n 


BCLR n (n=0 


.7) 


11+2-n 


2 


7 


- 


- 


- 



Table 8 Control Instructions 





Mnemonic 


Implied 


Function 


Op 
Code 


# 
Bytes 


# 
Cycles 


Transfer A to X 


TAX 


97 




2 


Transfer X to A 


TXA 


9F 




2 


Set Carry Bit 


SEC 


99 




i 2 


Clear Carry Bit 


CLC 


98 




2 


Set Interrupt Mask Bit 


SEI 


9B 




2 


Clear Interrupt Mask Bit 


CLI 


9A 




2 


Software Interrupt 


SWI 


83 




11 


Return from Subroutine 


RTS 


81 




6 


Return from Interrupt 


RTI 


80 




9 


Reset Stack Pointer 


RSP 


9C 




2 


No-Operation 


NOP 


9D 




2 
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Table 9 Instruction Set 





Addressing Modes 


Condition Code 


Mnemonic 


Implied 


Imme- 
diate 


Direct 


Ex- 
tended 


Re- 
lative 


Indexed 

(No 
Offset) 


Indexed 
(8 Bits) 


Indexed 
(16 Bits) 


Bit 
Set/ 
Clear 


Bit 
Test & 
Branch 


H 


1 


N 


Z 


C 


ADC 




X 


X 


x 




X 


X 


X 






A 




A 


A 


A 


ADD 




X 


X 


X 




X 


X 


X 






A 




A 


A 


A 


AND 




X 


X 


X 




X 


X 


X 










A 


A 


• 


ASL 


X 




X 






X 


X 












A 


A 


A 


ASR 


X 




X 






X 


X 












A 


A 


A 


BCC 










X 






















BCLR 


















X 














BCS 










X 






















BEQ 










X 






















BHCC 










X 






















BHCS 










X 






















BHI 










X 






















BHS 










X 






















BIH 










X 






















BIL 










X 






















BIT 




X 


X 


X 


X 


X 


X 










A 


A 




BLO 










X 


















# 




BLS 










X 






















BMC 










X 






















BMI 











X 






















BMS 








X 






















BNE 










X 






















BPL 










X 






















BRA 










X 






















BRN 










X 






















BRCLR 




















X 










A 


BRSET 










i 








X 










A 


BSET 






1 










X 














BSR 










X 






















CLC 


X 




























CLI 


X 





X 




























CLR 


X 


X 


X 















1 




CMP 




X 


X 


X 




X 


X 


X 










A 


A 


A 


COM 


X 




X 






X 


X 












A 


A 


1 


CPX 




X 


X 


X 




X 


X 


X 










A 


A 


A 


DEC 


X 




X 






X 


X 












A 


A 


• 


EOR 




X 


X 


X 




X 


X 


X 










A 


A 


• 


INC 


X 




X 






X 


X 












A 


A 


• 


JMP 






X 


X 




X 


X 


X 










• 


• 


• 


JSR 






X 


X 




X 


X 


X 










• 


• 


• 


LDA 




X 


X 


X 




X 


X 


X 










A 


A 


• 


LDX 




X 


X 


X 




X 


X 


X 










A 


A 


• 



Condition Code Symbols: 
H Half Carry (From Bit 3) 
I Interrupt Mask 
N Negative (Sign Bit) 
Z Zero 



C Carry Borrow 

A Test and Set if True, Cleared Otherwise 

• Not Affected 



(to be continued) 
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Table 9 Instruction Set 





Addressing Modes 


Condition Code 


Mnemonic 


Implied 


Imme- 
diate 


Direct 


Ex- 
tended 


Re- 
lative 


Indexed 

(No 
Offset) 


Indexed 
(8 Bits) 


Indexed 
(16 Bits) 


Bit 
Set/ 
Clear 


Bit 
Test& 
Branch 


H 


I 


N 


Z 


C 


LSL 


X 




X 






X 


X 












A 


A 


A 


LSR 


X 




X 






X 


X 















A 


A 


NEG 


X 




X 






X 


X 












A 


A 


A 


NOP 


X 






























ORA 




X 


X 


X 




X 


X 


X 










A 


A 


• 


ROL 


X 




X 






X 


X 












A 


A 


A 


ROR 


X 




X 






X 


X 












A 


A 


A 


RSP 


X 






























RTI 


X 
























? 


? 


7 


RTS 


X 






























SBC 




X 


X 


X 




X 


X 


X 










A 


A 


A 


SEC 


X 
























• 


• 


1 


SEI 


X 
























• 


• 


• 


STA 






X 


X 




X 


X 


X 










A 


A 


• 


STX 






X 


X 




X 


X 


X 










A 


A 


• 


SUB 




X 


X 


X 




X 


X 


X 










A 


A 


A 


SWI 


X 
























• 


• 


• 


TAX 


X 






























TST 


X 




X 






X 


X 












A 


A 


• 


TXA 


X 































Condition Code Symbols: 
H Half Carry (From Bit 3) 
I Interrupt Mask 
N Negative (Sign Bit) 
Z Zero 



C Carry /Borrow 

A Test and Set if True, Cleared Otherwise 

• Not Affected 

? Load CC Register From Stack 
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Table 10 Opcode Map 





Bit Manipulation 


Branch 


Read/Modify/Write 


Control 


Register/Memory 






Test& 
Branch 


Set/ 
Clear 


Rel 


DIR 


A 


X 


.XI 


,X0 


IMP 


IMP 


IMM 


DIR 


EXT 


.X2 


.XI 


,xo 









1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 





E 


F 


«-HIGH 





BRSETO 


BSETO 


BRA 


NEG 


RTI* 


- 


SUB 





1 


BRCLRO 


BCLRO 


BRN 


- 


RTS" 


- 


CMP 


1 


2 


BRSET1 


BSET1 


BHI 


- 


- 


- 


SBC 


2 


3 


BRCLR1 


BCLR1 


BLS 


COM 


SWI* 


- 


CPX 


3 L 


4 


BRSET2 


BSET2 


BCC 


LSR 


- 


- 


AND 


4 


5 


BRCLR2 


BCLR2 


BCS 


_ 


_ 


■ - 


BIT 


5 W 


6 


BRSET3 


BSET3 


BNE 


ROR 


- 


- 


LDA 


6 


7 


BRCLR3 


BCLR3 


BEQ 


ASR 


- 


TAX 


- | STA(+1) 


7 


8 


BRSET4 


BSET4 


BHCC 


LSL/ASL 


- 


CLC 


EOR 


8 


9 


BRCLR4 


BCLR4 


BHCS 


ROL 


- 


SEC 


ADC 


9 


A 


BRSET5 


BSET5 


BPL 


DEC 


- 


CLI 


ORA 


A 


B 


BRCLR5 


BCLR5 


BMI 


- 


- 


SEI 


ADD 


B 


C 


BRSET6 


BSET6 


BMC 


INC 


- 


RSP 


- 


JMP(-1) 


C 





BRCLR6 


BCLR6 


BMS 


TST 


- 


NOP 


BSR* 


JSR(-3) 


D 


E 


BRSET7 


BSET7 


BIL 


_ 


_ 


_ 


LDX 


E 


F 


BRCLR7 


BCLR7 


BIH 


CLR 


- 


TXA 


- 


STX(+1) 


F 




3/10 


2/7 


2/4 


2/6 | 1/4 | 1/4 | 2/7 | 1/6 


1/ # 


1/2 


2/2 


2/4 | 3/5 | 3/6 | 2/5 | 1/4 





(NOTE) 1. Undefined opcodes are marked with "—". 

2. The number at the bottom of each column denote the number of bytes and the number of cycles required (Bytes/Cycles). 
Mnemonics followed by a "•" require a different number of cycles as follows: 

RTI 9 

RTS 6 

SWI 11 

BSR 8 

3. ( ) indicate that the number in parenthesis must be added to the cycle count for that instruction. 



■ HD68P05V USED AS ROM-ON-CHIP HD6805U/V 

When using the HD68P05V for the HD6805U (2k ROM) 
or the HD6805V (4k ROM), take the memory configuration 
shown in Figure 25 (a) or (b). "Not Used" or "Self Test" 
($F80 $FF7) locations can be used in the HD68P05V. Note 
that these locations cannot be used for a user program when 
making the program mask ROM. The HD6805U or HD6805V 
takes mask option method for internal oscillation, low voltage 



inhibit circuit or timer. The HD68P05V takes crystal option 
for oscillation without low voltage inhibit circuits. The 
HD68P05V should specify timer part by software, so it is re- 
quired to set bit to bit 5 of the Timer Control Register after 
reset and select the prescaler dividing ratio and the clock input 
source. Figure 24 shows a program example where external 
clock is selected as an input source at 128 dividing ratio. 



LDA #$77 

STA TCR ($009) 



Figure 24 Example to initialize timer control register (TCR) 
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7 6 5 4 3 2 10 



000 


I/O Ports 
Timer 
RAM 
(128 Bytes 


$000 

$07F 
V$080 

$0FF 

$ioo\ 

$7FF \ 
$800 v 

$F7F 
$F80 
$FF7 
$FF8 
$FFF 



1 
2 
3 
4 
5 
6 
7 
8 

\ 9 
\ 10 

\31 
32 

127> 


Port A 


$000 




Port B 


$001 


127 


Port C 


$002 


128 


ROM 
(128 Bytes) 


Port D (digital) 


$003 




Port A DDR 


$004 


255 


Port B DDR 


$005 


256 


Not Used 


Port C DDR 


$006 




Port D (analog) 


$007 


2047 


Timer Data Reg 


$008 


2048 


ROM 
(1920 Bytes) 


Timer CTRL Reg 


$009 




Not Used 
(22 Bytes) 


$00A 
$01 F 




RAM (96 Bytes) 
Stack 


$020 
$07F 


3967 


* Write Only RegisK 
** Read Only Registe 


•r 


3968 
4087 


Self-Test 




4088 
4095 


Interrupt Vectors 





(a) HD6805U Configuration 



7 6 5 4 3 2 10 



000 



127 
128 



3967 
3968 
4087 
4088 
4095 



I/O Ports 

Timer 

RAM 

(128 Bytes) 



ROM 
(3840 Bytes) 



Self-Test 



Interrupt Vectors 







Port A 


$000 


1 


Port B 


$001 


2 


Port C 


$002 


3 


Port D (digital) 


$003' 


4 


Port A DDR 


$004 


5 


Port B DDR 


$005* 


6 


Port C DDR 


$006* 


7 


Port D (analog) 


$007* 


8 


Timer Data Reg 


$008 


9 


Timer CTRL Reg 


$009 


10 
31 


Not Used 
(22 Bytes) 


$00A 
$01F 


32 


RAM (96 Bytes) 
Stack 


$020 
$07F 



* Write Only Register 
* * Read Only Register 



(b) HD6805V Configuration 



Figure 25 MCU Memory Configuration 
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■ PRECAUTION TO USE EPROM ON THE PACKAGE 8-BIT 
SINGLE-CHIP MICROCOMPUTER 

As this microcomputer takes a special packaging type with 
pin sockets on its surface, pay attention to the fallowings; 

(1) Do not apply higher electro-static voltage or serge voltage 
etc. than maximum rating, or it may cause permanent 
damage to the device. 

(2) There are 28 pin sockets on its surface. When using 32k 




Let the index-side four pins open. 
When using 24 pin EPROM, match 
its index and insert it into lower 
24 pin sockets. 



EPROM (24 pins), let the index-side four pins open. 
(3) When assembling this LSI into user's system products as 
well as the mask ROM type 8-bit single-chip microcompu- 
ter, pay attention to the fallowings to keep the good ohmic 
contact between EPROM pins and pin sockets. 

(a) When soldering on a printed circuit board, etc., keep its 
condition under 250°C within 10 seconds. Over-time/ 
temperature may cause the bonding solder of socket 
pins to meet and the sockets may drop. 

(b) Keep out detergent or coater from the pin sockets at 
aft-solder flux removal or board coating. The flux or 
coater may make pin socket contactivity worse. 

(c) Avoid the permanent use of this LSI under the ever- 
vibratory place and system. 

(d) Repeating insertion/removal of EPROMs may damage 
the contactivity of the pin sockets, so it is recommend- 
ed to assemble new ones to your system products. 

Ask our sales agent about anything unclear. 
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HD68P05W0 

MCU (Microcomputer Unit) 



-PRELIMINARY 



The HD68P05W0 is the 8-bit Microcomputer Unit (MCU) 
which contains a CPU, on-chip clock, RAM, an A/D converter, 
I/O and two timers. It is designed for the user who needs an 
economical microcomputer with the proven capabilities of the 
HD6800-based instruction set. Setting EPROM on the package, 
this MCU has the same function as the HD6805W1 which has 
on-chip ROM. It is useful not only for a means of debugging 
and evaluating the HD6805W1 but also for small-scale-produc- 
tion. 

The following EPROMs are available. 
4k byte : HN482732A 
8k byte : HN482764 

HARDWARE FEATURES 

8-Bit Architecture 

96 Bytes of RAM 

Memory Mapped I/O 

Internal 8-Bit Timer with 7-Bit Prescaler 

Vectored interrupts : External, Timer and Software 

23 I/O Ports + 6 Input Ports 

(8 Lines DirectlyDrive LEDs.) 

On-Chip Clock Generator 

On-Chip 8 bits A/D Converter 

Two Programmable Timers 

Master Reset 

5 Vdc Single Supply 

SOFTWARE FEATURES 

Similar to HD6800 Family 

Byte Efficient Instruction Set 

Easy to Program 

Ture Bit Manipulation 

Bit Test and Branch Instructions 

Versatile Interrupt Handing 

Powerful Indexed Addressing for Tables 

Full Set of Conditional Branches 

Memory Usable as Registers/Flags 

Single Instruction Memory Examine/Change 

10 Powerful Addressing Modes 

All Addressing Modes Apply to ROM, RAM and I/O 

Compatible Instruction Set with HD6805 



■ TYPE OF PRODUCTS 



HD68PO5W0 




(DC-40P) 



■ PIN ARRANGEMENT 



Type No. 


Bus Timing 


EPROM Type No. 


HD68P05W0 


1 MHz 


HN482732A-30 


HN482764-3 




OVcc 


VccO 


OA 12 


VccO 


OA? 


VccO 


OAe 


As O 


OA 5 


As O 


OA 4 


An O 


OA3 


VssO 


OA 2 


A10O 


OA, 


CE O 


OAo 


O7 O 


OOo 


Oe O 


OOi 


Os O 


OO2 


04 O 


OVss 


O3 O 



jg a, 

HI A. 

IS* 5 

li) a! 
hja, 

571b. 

15lB s 

H]b. 

HJb, 

13 b, 
H]b, 

25|B. 
24]AVcc 
23lAVss 
I3V„h /D s 
2jJVcc Standby 



(Top View) 



(NOTE) EPROM is not attached to the MCU. 
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BLOCK DIAGRAM 



TIMER-1 



RES 



Port B 
I/O Linos 




A/D Result 
Register 



(NOTE) The contents of ( ) items can be changed by software. 
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■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 ~ +7.0 


V 


Input Voltage (EXCEPT TIMER) 


V in 


-0.3 ~ +7.0 


V 


Input Voltage (TIMER) 


-0.3 ~ +12.0 


V 


Operating Temperature 


T<jpr 


~+70 


°C 


Storage Temperature 


Tstg 


-55 ~+150 


°C 



(NOTE) This device has an input protection circuit for high quiescent voltage and field, however, be careful not 
to impress a high input voltage than the insulation maximum value to the high input impedance circuit. 
To insure normal operation, the following are recommended for Vj n and V out : 
V S S ^ <Vin or V out ) ^ V CC 



■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vcc = 5.25V ±0.5V, Vss = GND, Ta = 0~+70°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 




RES 


V, H 




4.0 


- 


V C c 


V 


Input "HJgh" Voltage 


nrn, jnt; 




3.2 


- 


V C c 


V 


All Others 




2.2 


- 


Vcc 


V 




Timer 




2.0 


- 


Vcc 


V 




RES 


V,L 




-0.3 


- 


0.8 


V 


, Input "Low" Voltage 


1 NT, , INT 2 




-0.3 


- 


0.8 


V 


EXTAL 




-0.3 


- 


0.6 


V 




All Others 




-0.3 


- 


0.8 


V 


Power Dissipation 


Pd 




- 


- 


750 


mW 


Low Voltage Recover 


LVR 




- 


- 


4.75 


V 




TIMER 


I.L 


V in =0.4V~V cc 


-20 


- 


20 


juA 


Input Leak Current 


iTvrn.iNT; 


-50 


- 


50 


HA 




EXTAL 


-1200 


- 





MA 


Standby Voltage 


Nonoperation Mode 


V SBB 




4.0 


- 


Vcc 


V 


Operation Mode 


V SB 




4.75 


- 


Vcc 


Standby Current 


Nonoperation Mode 


'SBB 


V SBB =4.0V 


- 


- 


3 


mA 



• AC CHARACTERISTICS (V cc 


= 5.25V ±0.5V, Vss = GND, Ta = ' 


~+70°C, unless otherwise noted.) 








Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Clock Frequency 


fcl 




0.4 


- 


4.0 


MHz 


Cycle Time 


t c y c 




1.0 


- 


10 


/is 


TNT Pulse Width 


l IWL 




t c yc + 

250 


- 


- 


ns 


RES Pulse Width 


tRWL 




tcyc 

250 


- 


- 


ns 


TIMER Pulse Width 


tTWL 




tc V c+ 

250 


- 


- 


ns 


Oscillation Start-up Time (Crystal Mode) 


tosc 


C L =22pF±20% 
R S =60J2 max. 


- 


- 


100 


ms 


Delay Time Reset 


tRHL 


External Cap. = 2.2 juF 


100 


- 


'- 


ms 


Input Capacitance 


XTAL,V RH /Ds 


C in 


V in =0V 


- 


- 


35 


pF 


All Others 


- 


- 


12.5 


PF 
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• PORT ELECTRICAL CHARACTERISTICS (V cc = 5.25V ±0.5V, Vss = GND, Ta = ~ +70°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 




Port A 


Vqh 


l OH =-10juA 


3.5 


- 


- 


V 




l OH =-100mA 


2.4 


- 


- 


V 


Output "High" Voltage 


Port B 


I oh =-200juA 


2.4 


- 


- 


V 




Iqh = -1 rnA 


1.5 


- 


- 


V 




PortC 


l OH =-100juA 


2.4 


- 


- 


V 




Ports A and C 


Vol 


l OL = 1.6 mA 


- 


- 


0.5 


V 


Output "Low" Voltage 


PortB 


l OL = 3.2 mA 


- 


- 


0.5 


V 




l OL = 10 mA 


- 


- 


1.0 


V 


Input "High" Voltage 


Ports A, B, C 
andD* 


V IH 




2.0 


- 


Vcc 


V 


Input "Low" Voltage 


V|L 




-0.3 


- 


0.8 


V 




Port A 


In- 


V, n = 0.8V 


-500 


- 


- 


MA 


Input Leak Current 


V in = 2V 


-300 


- 


- 


/iA 




Ports B,C and D* 


V in = 0.4V ~ V cc 


-20 


- 


20 


MA 



* Port D as digital input 

• A/D CONVERTER ELECTRICAL CHARACTERISTICS (V cc = 5.25V+0.5V, V^ = AVss = GMD, Ta = ~ +70°C, unless 

otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Analog Power Supply 
Voltage 


AV CC 




4.75 


5.25 


5.75 


V 


Analog Input Voltage 


AV in 







- 


Vrh 


V 


Reference "High" Voltage 


Vrh 


4.75V ^ V cc ^ 5.25V 


4.0 


- 


V C c 


V 


5.25V < V cc ^ 5.75V 


4.0 


- 


5.25 


V 


Analog Multiplexer Input 
Capacitance 






- 


- 


7.5 


pF 


Resolution Power 






- 


8 


- 


Bit 


Conversion Time 




at 4MHz 


76 


76 


76 


*cyc 


Input Channels 






4 


4 


4 


Channel 


Absolute Accuracy 




Ta = 25°C 


- 


- 


±1.5 


LSB 


Off-channel Leak Current 




AV in = 5.0V, AV CC = 4.75V, Ta = 25°C, 
On-channel AV in =0V 


- 


10 


100 


nA 


Off-channel Leak Current 




AV in =0V, AV CC = 4.75V, Ta = 25°C, 
On-channel AV in = 5V 


-100 


-10 


- 


nA 



TTL Equiv. (Port B) 



TTL Equiv. (Ports A, C and D) 



Vcc 



Test Point 
O 

Vi 



=±=40 pF <12kft 



-H «» 



W 



i.4kn 



77T 



Test Point 
O 



Vi 



-r-30pF ^24kfi -- 



ifr 



l:= 1.6 mA 



W 



(NOTE) 1 . Load capacitance includes the floating capacitance of the probe and the jig etc. 
2. All diodes are 1S2074® or equivalent. 
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■ SIGNAL DESCRIPTION 

The input and output signals for the MCU, shown in PIN 
ARRANGEMENT, are described in the following paragraphs. 

• Vcc and Vss 

Voltage is supplied to the MCU using these two pins. Vcc is 
5.25V +0.5V. Vss is the ground connection. 

• Tnt^/Tnt! 

This pin provides the capability for asynchronously applying 
an external interrupt to the MCU. Refer to INTERRUPTS for 
additional information. 

• XTAL and EXTAL 

These pins provide connections for the on-chip, clock circuit. 
A crystal (AT cut, 4MHz maximum) or an external signal can be 
connected to these pins to provide the internal oscillator with 
varying degrees of stability. Refer to INTERNAL OSCILLA- 
TOR for recommendations about these inputs. 

• TIMER 

This pin allows an external input to be used to count for the 
internal timer circuitry. Refer to TIMER 1 and TIMER 2 for 
additional information about the timer circuitry. 

• RES 

This pin allows resetting of the MCU. Refer to RESETS for 
additional information. 

• NUM 

This pin is not for user application and should be connected 
to V ss - 

• I/O Lines (A ~A 7 ,B ~B 7 ,C ~C 6 ) 

These 23 lines are arranged into three ports (A, B and C). All 
lines are programmable as either inputs or outputs under soft- 
ware control of the Data Direction Registers. Refer to INPUT / 
OUTPUT for additional information. 

• Input Lines (D ~ D s ) 

These are TTL compatible input lines, in location $0003. 
These also allow analog inputs to be used for an A/D converter. 
Refer to INPUT for additional information. 

• Vcc Standby 

Vcc Standby provides power to the standby portion of the 
RAM and the STBY PWR and RAME bits of the RAM Control 
Register. Voltage requirements depend on whether the MCU 
is in a powerup or powerdown state. In the powerup state, the 
powe r supply should provide Vcc an d rnust reach Vsb before 
RES .reaches 4.0V. During powerdown, V C c Standby must 
remain above Vsbb (min) to sustain the standby RAM and 
STBY PWR bit. While in powerdown operation, the standby 
current will not exceed Isbb • 

It is typical to power both Vcc and Vcc Standby from the 
same source during nomal operation. A diode must be used 
between them to prevent supplying power to Vcc during power- 
down operation shown Figure 2. 

To sustain the standby RAM during powerdown, the follow- 
ing software or hardware are needed. 
(1) Software 

When clearing the RAM Enable bit (RAME) which is bit 6 
of the RAM Control Register at location $001F, the RAM is 



disabled. 

V cc Standby must remain above Vsbb (min). 
(2) Hardware 

When RAME pin is "Low" before powerdown, the RAM is 
disabled. Vcc Standby must remain above Vsbb (min). 



Vcc Standby O • H O Power Line 



I 



Figure 2 Battery Backup for Vcc Standby 

• RAME 

This pin is used for the external control of the RAM. When 
it is "Low" before powerdown, the RAM is disabled. If Vcc 
Standby remains above Vsbb (mm)* the standby RAM is 
sustained. 

• AV CC 

This pin is used for the power supply of the A/D converter. 
When high accuracy is required, a different power source from 
V C c is impressed as 

AV CC = 5.25 ± 0.5V 

Connect to V C c for all other cases. 

• AN ~AN 3 

These pins allow analog inputs to be used for an A/D con- 
verter. These inputs are switched by the internal multiplexer 
and selected by bit and 1 of the A/D Control Status Register 
(ADCSR: S000E). 

• V RH and AVss 

The input terminal reference voltage for the A/D converter is 
"High" (V RH ) or "Low" (AV SS ). AV S s is fixed at 0V. 

• Input Capture (IC) 

This pin is used for input of Timer 2 control, in this case, 
Port C s should be configured as input. Refer to TIMER 2 for 
more details. 

• Output Compare (OC) 

This pin is used for output of Timer 2 when the Output 
Compare Register is matched with the Timer Data Register 2. 
In this case, Port C 6 should be configured as an output. Refer to 
TIMER 2 for more details. 
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■ REGISTERS 

The CPU has five registers available to the programmer, 
as shown in Figure 3 and explained below. 



I p 

I « I 

7 

I x 1 



1 >c | 


12 6 5 







| | | | 1 


SP 


I 



Accumulator 



Index Register 



Program Counter 



Stack Pointer 



I H l ' l N l Z l<H Condition Code 
| Register 



Carry/Borrow 
Zero 
Negative 
Interrupt Mask 
Half Carry 



Figure 3 Programming Model 



• Accumulator (A) 

The accumulator is a general purpose 8-bit register used to 
hold operands and results of arithmetic calculations or data 
manipulations. 

• Index Register (X) 

The index register is an 8-bit register used for the indexed 
addressing mode and contains an 8-bit address that may be 
added to an offset value to create an effective address. The 
index register can also be used for limited calculations or data 
manipulations when using read/modify/write instructions. When 
not required by a code sequence being executed, the index 
register can be used as a temporary storage area. 

• Program Counter (PC) 

The program counter is a 13-bit register that contains the 
address of the next instruction to be executed. 

• Stack Pointer (SP) 

The stack pointer is a 13 -bit register that contains the address 
of the next free location on the stack. Initially, the stack point- 
er is set to location $007F and is decremented as data is being 
pushed onto the stack and incremented while data is being 
pulled from the stack. The seven most significant bits of the 
stack pointer are permanently set to 0000001. During an MCU 
reset or reset stack pointer (RSP) instruction, the stack pointer 
is set to location $007F. Subroutines and interrupts may be 
nested down to location $0041 which allows the programmer to 
use up to 31 levels of subroutine calls. 

• Condition Code Register (CC) 

The condition code register is a 5-bit register in which each 
bit is used to indicate or flag the results of the instruction just 



executed. These bits can be individually tested by a program 
and specific action taken as a result of their state. Each indi- 
vidual condition code register bit is explained below. 

Half Carry (H) 

The half carry bit is used during arithmetic operations (ADD 
or ADC) to indicate that a carry occurred between bits 3 and 4. 

Interrupt (I) 

This bit is set to mask everything. If an interrupt occurs 
while this bit is set, it is latched and will be processed as soon as 
the interrupt bit is reset. 

Negative (N) 

The negative bit is used to indicate that the result of the last 
arithmetic, logical or data manipulation was negative (bit 7 in 
a result equal to a logical one). 

Zero (Z) 

Zero is used to indicate that the result of the last arithmetic, 
logical or data manipulation was zero. 

Carry/Borrow (C) 

Carry/borrow is used to indicate that a carry or borrow out 
of the arithmetic logic unit (ALU) occurred during the last 
arithmetic operation. This bit is also affected during bit test and 
branch instructions, shifts and rotates. 

■ TIMER 1 

The MCU timer circuitry is shown in Figure 4. The 8-bit 
counter, Timer Data Register 1 (TDR1), is loaded under pro- 
gram control and counts down toward zero as soon as the clock 
input is applied. When the TDR1 reaches zero, the timer inter- 
rupt request bit (bit 7) in the Timer Control Register 1 (TCR1) 
is set. The MCU responds to this interrupt by saving the present 
CPU state in the stack, fetching the timer 1 interrupt vector 
from locations $0FF8 and $0FF9 and executing the interrupt 
routine. The timer 1 interrupt can be masked by setting the 
timer interrupt mask bit (bit 6) in the TCR 1 . The interrupt bit 
(I bit) in the Condition Code Register also prevents a timer 1 
interrupt from being processed. 

The clock input to the timer 1 can be from an external 
source applied to the TIMER input pin or it can be the internal 
02 signal. When 02 is used as the source, it can be gated by an 
input applied to the TIMER input pin allowing the user to 
easily perform pulse-width measurements. The timer 1 con- 
tinues to count past zero, falling through to $FF from zero and 
then continuing the count. Thus, the counter (TDR1) can be 
read at any time by reading the TDR1. This allows a program 
to determine the length of time since a timer interrupt has 
occurred and not disturb the counting process. 

At power-up or reset, the prescaler and counter are initialized 
with all logical ones; the timer 1 interrupt request bit (bit 7) is 
cleared and the timer 1 interrupt mask bit (bit 6) is set. In 
order to release the timer 1 interrupt, bit 7 of the TCR 1 must 
be cleared by software. 
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Figure 4 Timer Clock 



• Timer Control Register 1 (TCR1 : $0009) 

The Timer Control Register 1 (TCR1: $0009) can control 
selection of clock input source and prescaler dividing ratio and 
timer interrupt. 

Timer Control Register 1 (TCR1 : $0009) 



Table 1 Selection of Clock Input Source 



7 


6 


5 


4 


3 


2 


1 





TIF 


TIM 


IS1 


ISO 




MS2 


MS1 


MS0 



u 



-Prescaler Dividing Ratio 
-Clock Input Source 
- Timer Interrupt Mask 
-Timer Interrupt Request Flag 



As shown in Table 1 , the selection of the clock input source 
is ISO and IS1 in the TCR1 (bit 4 and bit 5) and 3 kinds of 
input are selectable. At reset, internal clock 2 controlled by 
the TIMER input (bit 4 = 1 , bit 5 = 0) is selected. 

The prescaler dividing ratio is selected by MS0, MSI, and 
MS2 in the TCR1 (bit 0, bit 1, bit 2) as shown in Table 2. The 
dividing ratio is selectable from eight ways (-H, -^2, 44, -i-8, -H6, 
-r-32, 464, -H28). At reset, -M mode is selected. The prescaler 
is initialized by writing in the TDR1 . 

Timer 1 interrupt mask bit (TIM) allows the Timer 1 into 
interrupt at "0" and masks at "1". Timer 1 interrupt causes 
Timer 1 interrupt request bit (TIF) to be set. TIF must be 
cleared by software. 

(NOTE) If the MCU Timerl and Timer2 are not used, the 
TIMER input pin must be grounded. 



TCR1 



Bit 5 



Bit 4 



Clock Input Source 



Internal Clock 02 * 



02 Controlled by TIMER Input 



Event Input From TIMER 



: The TIMER input pin must be tied to V^c. for uncontrolled <t>2 
clock input. 





Table 2 


Selection of Prescaler Dividing Ratio 


TCR1 


Prescaler Dividing Ratio 


Bit 2 


Bit 1 


BitO 













-1 








1 




-2 





1 


o 




-4 





1 


1 




-8 


1 










"16 


1 





1 




-32 


1 


1 







-64 


1 


1 


1 




-128 
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■ TIMER 2 

The HD68P05W0 includes an 8-bit programmable timer 
(Timer 2) which can not only measure the input waveform 
but also generate the output waveform. The pulse width for 
both input and output waveform can be varied from several 
microseconds to several seconds. 

(NOTE) If the MCU Timer 1 and Timer2 are not used, the 
TIMER input pin must be grounded. 

Timer 2 hardware consists of the followings. 



• 8-bit Control Register 2 

• 8-bit Status Register 2 

• 8-bit Timer Data Register 2 

• 8 -bit Output Compare Register 

• 8-bit Input Capture Register 

• 5-bit Prescaler Control Register 

• 7-bit Prescaler 2 

Block Diagram of Timer 2 is shown in Fig. 5. 



Prescaler Control 
Register 2 
(PCR2:$0019) 



Internal Clock 




Read/Write 



TIMER 



Timer Data Register 2 (TDR2: $0010 
Overflow 



OC(C«) 



-<^MP 



_ 8 bit Free 

Running Counter 



8 

h—s- 



Output Compare Register 

jOCR:$001D) 

8 



8 bit Register 



Input Capture Register (ICR: $001 E) 
8/ 



■Read 




Read/Write 



ICI OCI TOI 



Internal Interrupts Request Signal 
Figure 5 Block Diagram of Timer 2 



• Timer Data Register 2 (TDR2; $001 C) 

The main part of the Timer 2 is the 8-bit Timer Data Register 
2 (TDR2) as free-running counter, which is driven by internal 
clock 02 or the TIMER input and increments the value. The 
values in the counter is always readable by software. 

The Timer Data Register 2 is Read/Write register and is 
cleared at reset. 

• Output Compare Register (OCR; $001 D) 

The Output Compare Register (OCR) is an 8-bit read/write 
register used to control an output waveform. The contents of 
this register are always compared with those of the TDR2. 
When these two contents conform to each other, the flag (OCF) 
in the Timer Status Register 2 (TSR2) is set and the value of the 



output level bit (OLVL) in the TCR2 is transferred to Port C 6 
(OC). 

If Port C 6 's Data Direction Register (DDR) is "1" (output), 
this value will appear at Port C 6 (OC). Then the values of OCF 
and OLVL can be changed for the next compare. The OCR is 
set to $FF at reset. 

• Input Capture Register (ICR; $001 E) 

The Input Capture Register (ICR) is an 8-bit read-only 
register used to store the value of the TDR2 when Port C 5 
(IC) input transition occurs as defined by the input edge bit 
(IEDG)oftheTCR2. 

In order to apply Port C 5 (IC) input to the edge detect 
circuit, the DDR of Port C 5 should be cleared ("0").* 
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To ensure an input capture under all condition, Port C s 
(IC) input pulse width should be 2 Enable-cycles at least. 
*The edge detect circuit always senses Port C 5 (IC) even if the DDR 
is set with Port C 5 output. 

• Timer Control Register 2 (TCR2; $001 B) 

The Timer Control Register 2 (TCR2) consists of an 5-bit 
register of which all bits can be read and written. 



Timer Control Register 2 (TCR2: $001 B) 



7 


6 


5 


4 


3 


2 


1 











ICIM 


OCIM 


TOIM 


IEDG 


OLVL 



Bit OLVL Output Level 

This bit will appear at Port C 6 when the value in the TDR2 
equals the value in the OCR, if the DDR of Port C 6 is set. It 
is cleared by reset. 

Bit1 IEDG Input Edge 

This bit determines which level transition of Port C s (IC) 
input will trigger a data store to ICR from the TDR2. When 
this function is used, it is necessary to clear DDR of Port C 5 . 
When IEDG = 0, the negative edge triggers ("High" to "Low" 
transition). When IEDG = 1, the positive edge triggers ("Low" 
to "High" transition). It is cleared by reset. 

Bit 2 TOIM Timer Overflow Interrupt Mask 

When this bit is cleared, internal interrupt (TOI) is enabled 
by TOF interrupt but when set, interrupt is inhibited. 

Bit 3 OCIM Output Compare Interrupt Mask 

When this bit is cleared, internal interrupt (OCI) by OCF 
interrupt occurs. When set, interrupt is inhibited. 

Bit 4 ICIM Input Capture Interrupt Mask 

When this bit is cleared, internal interrupt (ICI) by ICF 
interrupt occurs. When set, interrupt is inhibited. 

• Timer Status Register 2 (TSR2: $001 A) 

The Timer Status Register 2 (TSR2) is an 8-bit read-only 
register which indicates that: 

(1) A proper leveltransition has been detected on the input 
pin with a subsequent transfer of the TDR2 value to the 
ICR (ICF). 

(2) A match has been found between the TDR2 and the OCR 
(OCF). 

(3) The TDR2 is zero (TOF). 

Each of the event can generate 3 kinds of internal interrupt 
request and is controlled by an individual inhibit bits in the 
TCR2. If the I bit in the Condition Code Register is cleared, 
priority vectors are generated in response to clearing each 
interrupt mask bit. Each bit is described below. 



Timer Status Register 2 (TSR2: $001 A) 
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6 
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4 


3 


2 


1 





ICF 


OCF 


TOF 













Bit 5 TOF Timer Overflow Flag 

This read-only bit is set when the TDR2 contains $00. It 
is cleared by reading the TSR2 followed by reading of the 
TDR2. 

Bit 6 OCF Output Compare Flag 

This read-only bit is set when a match is found between the 
OCR and the TDR2. It is cleared by reading the TSR2 and then 
writing to the OCR. 

Bit 7 ICF Input Capture Flag 

This read-only bit is set to indicate a proper level transition 
and cleared by reading the TSR2 and then reading the TCR2. 

User can write into port C 6 by software. 

Accordingly, after port C 6 has output -by hardware and is 
immediately write into by software, simultaneous cyclic pulse 
control with a short width is easy. 
• Prescaler Control Register 2 (PCR2: $0019) 

The selections of clock input source and prescaler dividing 
ratio are performed by the Prescaler Control Register 2 (PCR2: 
$0019). 



Prescaler Control Register 2 (PCR2: $0019) 
7 6 5 4 3 2 1 







IS1 


ISO 




MS2 


MS1 


MS0 



Prescaler Dividing Ratio 
Clock Input Source 



The selection of clock input source is performed in three 
different ways by bit 4 and bit 5 of the PCR2, as shown in 
Table 3. At reset, internal clock fa controlled by the TIMER 
input (bit 4 = 1 , bit 5 = 0) is selected. 

The prescaler dividing ratio is selected by three bits in the 
PCR2 (bits 0, 1, 2), as shown in Table 4. The dividing ratio 
can be selected in 8 ways (-4-1, +2, +4, -^8, -H6, -r-32, -r64, 
-H28). At reset, -M (bit = bit 1 = bit 2 = 0) is selected. 

When writing into the PCR2, or when writing into the TDR2, 
prescaler is initialized to $FF. 



Table 3 Selection of Clock Input Source 


PCR2 




Bit 5 


Bit 4 


Clock Input Source 








Internal Clock 2 * 





1 


<j> 2 Controlled by TIMER Input 


1 





________ — - " 


1 


1 


Event Input from TIMER 



The TIMER input pin must be tied to Vcc. for uncontrolled <t>i 
clock. 
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Table 4 


Selection of Prescaler Dividing Ratio 




PCR2 


Prescaler Dividing Ratio 




Bit 2 


Bit 1 


BitO 













-M 








1 


^2 





1 





-M 





1 


1 


-^8 


1 








-M6 


1 





1 


H-32 


1 


1 





■^64 


1 


1 


1 


-M28 



CAUTION 

(1) Don't program branch instructions shown in Table 5-(l), 
(4) at address $11 7 to $ 11C. 

(2) Don't use the instructions shown in Table 5-(l), (2), (3) 
for read/write/test operation of the TSR2 flags. 

When these instructions are executing the TSR2, two flags 
(TOF and ICF) of the TSR2 will sometimes cleared. 

Cause: These instructions have some dummy read cycles so 
the TSR2 be read when executing the instructions. 

Table 5 Instruction Inhibited to Operate the TSR2 
(1) Bit Test and Branch Instruction 


Mnemonic 


Op Code 


# Bytes 


# Cycles 


BRSETn(n=0~7) 


2-n 


3 


10 


BRCLRn(n=0~7) 


01+2 • n 


3 


10 


(2) Bit Set/Clear Instruction 


Mnemonic 


Op Code 


# Bytes 


# Cycles 


BSET n (n=0~7) 


10+2 n 


2 


7 


BCLRn(n=0~7) 


11+2-n 


2 


7 


(3) Read/Modify/Write Instruction 


Mnemonic 


Op Code 


# Bytes 


# Cycles 


INC 


3C 


2 


6 


DEC 


3A 


2 


6 


CLR 


3F 


2 


6 


COM 


33 


2 


6 


NEG 


30 


2 


6 


ROL 


39 


2 


6 


ROR 


36 


2 


6 


LSL 


38 


2 


6 


LSR 


34 


2 


6 


ASR 


37 


2 


6 


ASL 


38 


2 


6 


TST 


3D 


2 


6 



(4) Branch Instruction 






Mnemonic 


Op Code 


# Bytes 


# Cycles 


BRA 


20 


2 


4 


BRN 


21 


2 


4 


BHI 


22 


2 


4 


BLS 


23 


2 


4 


BCC 


24 


2 


4 


(BHS) 


24 


2 


4 


BCS 


25 


2 


4 


(BLO) 


25 


2 


4 


BNE 


26 


2 


4 


BEQ 


27 


2 


4 


BHCC 


28 


2 


4 


BHCS 


29 


2 


4 


BPL 


2A 


2 


4 


BMI 


2B 


2 


4 


BMC 


2C 


2 


4 


BMS 


2D 


2 


4 


BIL 


2E 


2 


4 


BIH 


2F 


2 


4 


BSR 


AD 


2 


8 





■ RESETS 

The MCU can be reset two ways; by initial power-up and by 
the external reset input (RES), see Figure 6. AH the I/O ports 
are initialized to input mode (DDRs are cleared) during reset. 

During power-u p, a m inimum 100 milliseconds is needed 
before allowing the RES input to go "High". This time allows 
the intern al cry stal oscillator to stabilize. Connecting a capaci- 
tor to the RES input, as shown in Figure 7, typically provides 
sufficient delay. 



5V- 

cc 
ov- 



Y 







<RHL 




RE5/RAME Pin 


^ihFTES 














Internal 
Reset 









Figure 6 Power Up and Reset Timing 
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Figure 7 Power Up Reset Delay Circuit 
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■ INTERNAL OSCILLATOR 

The internal oscillator circuit is designed to interface with a 
crystal (AT cut, 4 MHz max.) which is sufficient to drive it 
with various stability. As shown in Figure 8, a 22 pF capacitor 



is required from EXTAL to ground. Crystal specifications are 
given in Figure 9. Alternatively, EXTAL may be driven with 
a duty cycle of 50% with XTAL connected to ground. 



max — , — 5 



22pF±20% 



s- 

iF 



HD68P05W0 
EXTAL MCU 



Crystal 



External 
Clock 
Input 
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5 
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External Clock 



Figure 8 Internal Oscillator Options 




Table 6 Interrupt Priorities 



XTAL 
6 



AT - Cut Parallel Resonance Crystal 

C = 7 pF max. 

f = 4 MHz (C, =22pF±20%) 

R s = 60 n max. 

Figure 9 Crystal parameters 



■ INTERRUPTS 

The MCU can be interrupte d in se ven d iffere nt ways: through 
external interrupt input pin (INTi and INT 2 ), internal timer 
interrupt request (Timer 1 , ICI, O CI and OFI) and a software 
interrupt instruction (SWI). INT 2 and Timer 1 are generated 
by the same vector address. When interrupt occurs, processing 
of the program is suspended, the present CPU state is pushed 
onto the stack. Figure 10 shows interrupt stacking order. 
Moreover, the interrupt mask bit (I) of the Condition Code 
Register is set and the external routine priority address is 
achieved from the special external vector address. After that, 
the external interrupt routine is executed. The interrupt 
service routines normally end with a return from interrupt 
(RTI) instruction which allows the CPU to resume processing 
of the program prior to the interrupt. The priority interrupts 
are shown in Table 6 with the vector address that contains 
the starting address of the appropriate interrupt routine. The 
interrupt sequence is shown as a flowchart in Figure 1 1 . 

Note that the Vector Address when using the 8k byte type 
EPROM is different from the 4k byte type EPROM. 



4k bytes 
type 


Interrupt 


Priority 


Vector Address 


RES 


1 


$OFFE,$OFFF 


SWI 


2 


$0FFC, $0FFD 


INT, 


3 


$OFFA, $0FFB 


Timer/INT 2 


4 


$0FF8, $0FF9 


ICI 


5 


$0FF6, $OFF7 


OCI 


6 


$0FF4, $0FF5 


OFI 


7 


$OFF2, $0FF3 










8k bytes 
type 


Interrupt 


Priority 


Vector Address 


RES 


1 


$1FFE,$1FFF 


SWI 


2 


$1FFC,$1FFD 


INT, 


3 


$1FFA,$1FFB 


Timer/Il\i1f 2 


4 


$1FF8. $1FF9 


ICI 


5 


$1FF6, $1FF7 


OCI 


6 


$1FF4, $1FF5 


OFI 


7 


$1FF2, $1FF3 



7 6 5 4 3 2 1 Pu || 

n + 1 
n+2 
n+3 
n+4 
n+5 



n-4 


1 1 1 


Condition 
Code Register 


n-3 


Accumulator 


n-2 


Index Register 


n-1 


1 1 1 


PCH* 


n 


PCL* 



Push 



* For subroutine calls, only PCH and PCL are stacked. 
Figure 10 Interrupt Stacking Order 
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y TIMER 1 



OCI 



Stack PC, X,CC, A 
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SWI 
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Figure 11 Interrupt Flowchart 



• Miscellaneous Register (MR: $000A) 

The vector address generated by the external interrupt 
(INT 2 ) is the same as that of TIMER1 as show n in Table 6. 
The miscellaneous register (MR) controls the INT 2 interrupt. 



Miscellaneous Register (MR: $000A) 
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-INT] Interrupt Request Flag 
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Bit 7 (I RF) of the MR is used as an IN T 2 interrupt request 
flag. INT 2 interrupt occurs at the INT 2 negative edge, and 
IRF is set. INT 2 interrupt or not can be proved by checking 
IRF by software in the interrupt routine of the vector address 
($FF8, $FF9). IRF should be reset by software (BCLR instruc- 
tion). 

Bit 6 (I M) o f the MR is an INT 2 interrupt mask bit. When 
IM is set, INT 2 interrupt is disabled. INT 2 interrupt is also 
disabled by bit (I) of the Condition Code Register (CC) like 
other interrupts. 

IRF is available for both read and write . However, IRF is 
not writable by software. Therefore, INT 2 interrupt cannot 
be requested by software. At reset, IRF is cleared and IM is 
set. 

■ INPUT/OUTPUT 

There are 23 input/output pins. All pins are controlled by 
the Data Direction Register and both input and output are 
programmable. When programmed as output, the latched 
output data is readable as input data, regardless of the logic 



levels at the output pin due to output loading (See Figure 12.) 
When Port B is programmed for output, it is capable of sinking 
10 mA on each pin (Vol max. = IV). Furthermore, Port A is 
CMOS compatible as output. Ports B and C are CMOS com- 
patible as inputs. Some examples of the Port connections are 
shown in Figure 13. 

Port Cs and C6 are also used for Timer 2. 

When Port C 5 is used as Timer 2 Input Capture (IC), Port 
C 5 's DDR should be cleared (Port C s as input) and bit 4 (ICIM) 
in the Timer Control Register 2 (TCR2) should be cleared too. 
The Input Capture Register (ICR) stores the TDR2 when a 
Port C s input transition occures as defined by bit 1 (IDEG) of 
the TCR2. 

When Port C 6 is used as Timer 2 Output Compare (OC), Port 
C6's DDR should be set (Port C6 as output). When the Output 
Compare Register (OCR) matches the TDR2, bit (OLVL) in 
the TCR2 is set and OLVL will appear at Port C 6 . Port C 6 is 
writable by software. But the writing by software is unavailable 
when a match between the TDR2 and the OCR is found at the 
same time. 
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Figure 12 Typical Port I/O Circuitry 
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Port A 
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Load 
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mA 
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Port B 



B, 
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Port A Programmed as output(s), driving CMOS and TTL Load directly. Port B Programmed as output(s), driving Darlington base directly, 

(a) (b) 



8, 



®*^ 



10 mA max 



Port B Programmed as output (s), driving LED(s) directly, 
(c) 



PortC 



CMOS Inverter 



Port C Programmed as output(s), driving CMOS load(s), using external 
pull-up resistors. (d) * 



Figure 13 Typical Port Connections 



■ INPUT 

Port D is usable as either TTL compatible inputs or a 4- 
channel input for an A/D converter. Fig. 14 shows port D logic 
configuration. 

The Port D register at location $003 stores TTL compatible 
inputs. When using as analog inputs for an A/D converter, 
refer to "A/D CONVERTER" 

■ A/D CONVERTER 

The HD68P05W0 has an internal 8 bit A/D converter. % he 
A/D converter, shown in Figure 15, includes 4 analog inputs 



(AN to AN 3 ), the Result Register (ADRR) and the Control 
Status Register (ADCSR). 



CAUTION 

The MCU has circuitry to protect the inputs against damage 
due to high static voltages or electric field; however, the design 
of the input circuitry for the A/D converter, ANo ~ AN3, Vrh 
and AV CC , does not offer the same level of protection. Pre- 
cautions should be taken to avoid applications of any voltage 
higher than maximum-rated voltage or handled in any environ- 
ment producing high-static voltages. 



$0003 Read 
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Figure 14 Port D 
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Figure 15 A/D Converter Block Diagram 
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• Analog Input (AN to AN 3 ) 

Analog inputs AN to AN 3 accept analog voltages of OV 
to 5V. The resolution is 8 bits (256 divisions) with a conversion 
time of 76 ps at 1 MHz. Analog conversion starts selecting 
analog inputs by bit and bit 1 of the ADCSR analog input. 
Since the CPU is not required during conversion, other user 
programs can be executed. 



• RAM Control Register (RCR: $001 F) 

This register at location $01 F gives the status information 
about the RAM. When RAM Enable bit (RAME) is "0", the 
RAM is disabled. When Vcc Standby is greater than Vsbb, 
Standby Power bit (STBY PWR) is set and the standby RAM is 
sustained during powerdown. 





Table 7 


Analog Input Selection 


ADCSR 


Analog Input Signal 


Bit 1 


BitO 








AN 





1 


AN, 


1 





AN 2 


1 


1 


AN 3 



• A/D Control Status Register (ADCSR: $000E) 

The Control Status Register (ADCSR) is used to select 
analog input pin and confirm A/D conversion termination. 
An analog input pin is selected by bit and bit 1 as shown in 
Table 7. 

A/D conversion begins when the data is written into bit 
and bit 1 of the ADCSR. When A/D conversion ends, bit 7 
(CEND) is set. Bit 7 is reset after the ADRR is read. Even if 
bit 7 is set, A/D conversion execution still continues. To end 
the A/D conversion, the A/D Result Register (ADRR) stores the 
most current value. During A/D conversion execution, new 
data is written into the ADCSR selecting the input channel and 
the A/D conversion execution at that time is suspended. CEND 
is reset and new A/D conversion begins. 

• A/D Result Register (ADRR: $000 F) 

When the A/D conversion ends, the result is set in the A/D 
Result Register (S000F). When CEND of the ADCSR is set, 
converted result is obtained by reading the ADRR. Further- 
more, CEND is cleared. 

■ STANDBY RAM 

The portion from $020 to $027 of the RAM can be used for 
the standby RAM. 

When using the standby RAM, Vcc Standby should remain 
above Vsbb (min) during powerdown. Consequently, power is 
provided only to the standby RAM and STBY PWR bit of the 
RAM Control Register. 8 byte RAM is sustained with small 
power dissipation. The RAM including the standby RAM is 
controlled by the RAM Control Register (RCR) or RAME pin. 



7 6 5 4 3 2 10 
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Figure 16 Standby RAM 
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Bit 6 RAM Enable 

RAME bit is set or cleared by either software or hardware. 
When the MCU is reset, RAME bit is set and the RAM is ena- 
bled. If RAME bit is cleared, the user can neither read nor write 
the RAM. 

When the RAM is disabled (logic "0"), the RAM address is 
invalid. 

Bit 7 Standby Power 

STBY PWR bit is cleared whenever Vcc standby decreases 
below VSBB (min). This bit is a read/write status bit that the 
user can read. When this bit is set, it indicates that the standby 
power is applied and data in the standby RAM is valid. 

• RAME Signal 

RAME bit in the RCR can be cleared when RAME pin goes 
"Low" by hardware (RAM is disabled). To make standby mode 
by hardware, set RAME pin "Low" during Vcc Standby re- 
mains above Vsbb (min) and powerdown sequence should be as 
shown in Fig. 17. 

When RAME pin gets "Low" in the powerup state, RAME 
bit of the RCR is cleared and the RAM is disabled. During 
powerdown, RAME bit is sustained by Vcc Standby. When 
RAME pin gets "High" in the powerup state, RAME bit of the 
RCR is set and the RAM is enabled. 

RAME pin can be used to control the RAM externally with- 
out software. 



\ Vcc OFF / 



\ 



/ 



RAM Disable 



Figure 17 RAM Control Signal (RAME) 

■ BIT MANIPULATION 

The MCU has the ability to set or clear any single RAM or 
input/output port (except the data direction registers) with a 
single instruction (BSET and BCLR). Any bit in the page zero 
read only memory can be tested by using the BRSET and 
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BRCLR instructions, and the program branches as a result of 
its state. This capability to work with any bit in RAM, ROM or 
I/O allows the user to have individual flags in RAM or to handle 
single I/O bits as control lines. The example in Figure 18 shows 
the usefulness of the bit manipulation and test instructions. 
Assume that bit of port A is connected to a zero crossing 
detector circuit and that bit 1 of port A is connected to the 
trigger of a TRIAC which powers the controlled hardware. 
This program, which uses only seven bytes of ROM pro- 
vides turn-on of the TRIAC within 14 microseconds of the zero 
crossing. The timer is also incorporated to provide turn-on at 
some later time which permits pulse-width modulation of the 
controlled power. 



SELF 1 BRCLRO, PORTA, SELF 1 

BSET1, PORTA 
BCLR 1, PORTA 



Figure 18 Bit Manipulation Example 



■ ADDRESSING MODES 

The MCU has ten addressing modes available for use by the 
programmer. These modes are explained and illustrated briefly 
in the following paragraphs. 

• Immediate 

Refer to Figure 19. The immediate addressing mode accesses 
constants which do not change during program execution. Such 
instructions are two bytes long. The effective address (EA) is 
the PC and the operand is fetched from the byte following the 
opcode. 

• Direct 

Refer to Figure 20. In direct addressing, the address of the 
operand is contained in the secondbyte of the instruction. 
Direct addressing allows the user to directly address the lowest 
256 bytes in memory. All RAM space, I/O registers and 128 
bytes of ROM are located in page zero to take advantage of 
this efficient memory addressing mode. 



to the branch instructions. In this mode the contents of the 
byte following the opcode is added to the program counter 
when the branch is taken. EA = (PC) +2 + Rel. Rel is the con- 
tents of the location following the instruction opcode with bit 7 
being the sign bit. If the branch is not taken, Rel = 0, when a 
branch takes place, the program goes to somewhere within the 
range of +129 bytes to -127 bytes of the present instruction. 
These instructions are two bytes long. 

• Indexed (No Offset) 

Refer to Figure 23. This mode of addressing accesses the 
lowest 256 bytes of memory. These instructions are one byte 
long and their EA is the contents of the index register. 

• Indexed (8-bit Offset) 

Refer to Figure 24. The EA is calculated by adding the con- 
tents of the byte following the opcode to the contents of the 
index register. In this mode, 511 low memory locations are 
accessable. These instructions occupy two bytes. 

• Indexed (16-bit Offset) 

Refer to Figure 25. This addressing mode calculates the EA 
by adding the contents of the two bytes following the opcode 
to the index register. Thus, the entire memory space may be 
accessed. Instructions which use this addressing mode are 
three bytes long. 

• Bit Set/Clear 

Refer to Figure 26. This mode of addressing applies to 
instructions which can set or clear any bit on page zero. The 
lower three bits in the opcode specify the bit to be set or 
cleared while the byte following the opcode specifies the 
address in page zero. 

• Bit Test and Branch 

Refer to Figure 27. This mode of addressing applies to 
instructions which can test any bit in the first 256 locations 
($0000 through $00FF) and branch to any location relative to 
the PC. The byte to be tested is addressed by the byte following 
the opcode. The individual bit within that byte to be tested 
is addressed by the lower three bits of the opcode. The third 
byte is the relative address to be added to the program counter 
if the branch condition is met. These instructions are three 
bytes long. The value of the bit to be tested is written to the 
carry bit in the condition code register. 



• Extended 

Refer to Figure 21. Extended addressing is used to reference 
any location in memory space. The EA is the contents of the 
two bytes following the opcode. Extended addressing instruc- 
tions are three bytes long. 

• Relative 

Refer to Figure 22. The relative addressing mode applies only 



• Implied 

Refer to Figure 28. The implied mode of addressing has 
no EA. All of the information necessary to execute an instruc- 
tion is contained in the opcode. Direct operations on the 
accumulator and the index register are included in this mode 
of addressing. In addition, control instructions such as SWI 
and RTI belong to this group. All implied addressing instruc- 
tions are one byte long. 



616 



HITACHI 



-HD68P05W0 



PROG LDA #$F8 05BE 
05BF 



Memory 



A6 



F8 



Adder 



A 



F8 



Ind ex Reg" 



Stack Point 



Prog Count 



05C0 



Figure 19 Immediate Addressing Example 



CAT FCB 32 004B 



PROG LDA CAT 052D 
052E 



Memory 



20 



004B 



/V 



T 

0000 



Figure 20 Direct Addressing Example 
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Index Reg 



Stack Point 



Prog Count 



052F 



CC 
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PROG LDA CAT 0409 
040A 
040B 



CAT FCB 64 06E5 



PROG BEQ PROG2 04A7 
04A8 



Memory 



Memory 



06E5 



> 



./\. 



Figure 21 Extended Addressing Example 



/V 



i — f 



0000 



Index Reg 



Stack Point 



Prog Count 



040C 



Index Reg 



Prog Count 



04C1 



CC 
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Figure 22 Relative Addressing Example 
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TABL FCC/LI/00B8 



PROG LDA X 05F4 



Memory 



00B8 



^\ 





t 

0000 


\ 


A 




4C 






4C 1 






4U | 


49 






Index Reg 






B8 





Prog Count 



05F5 



Figure 23 Indexed (No Offset) Addressing Example 





#BF 
#86 

#DB 
#CF 

TABL. 


0089 
008A 
008B 
008C 

X075B 
075C 


i 

Memory 






EA 










1 


008C 


' 1 




I 


, 


\ 








y 


Adder 


V 


TABL FCB 


BF 


/ 


\ 


A 


FCB 


B6 


1 


\ t 


\ 


FCB 


DB 








CF 








FCB 


CF 




Index Reg 


















03 




















E6 








PROG LDA 


1 1 




89 




Prog Count 












075D 










CC 










1 




































1 l 







Figure 24 Indexed (8-Bit Offset) Addressing Example 
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PROG LDA TABL. X 0692 
0693 
0694 



TABL FCB #BF 077E 

FCB #86 077F 

FCB #DB 0780 

FCB #CF 0781 



Memory 



07 



0780 



/\. 



< 



Index Reg 



02 



Stack Point 



Prog Count 



0695 



CC 



Figure 25 Indexed (16-Bit Offset) Addressing Example 



PORTB EQU 1 



PROG BCLR 6. PORT B 058F 
0590 



Memory 



ID 



BF 






* 








Clear 




Bit 
6 








J 



0001 

-T- 



Adder 



I 


A 


0000 


I I 




Index Reg 




I I 




Stack Point 


I I I 


Prog Count 


| 0591 | 




CC 




I I 



620 



Figure 26 Bit Set/Clear Addressing Example 
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PORT C EQU 2 



PROG BRCLR 2. PORT C. PROG 2 0574 

0575 
0576 



Memory I 
1 



0002 



F0 


l/ 




/ 


X 






\ 




A 






2 


\ 

0000 


t 








1 

0000 


Index Reg 


1 










Stack Point 


1 1 


1 1 


05 


Prog Count 


02 




0594 1 




\ 




1 


1D 




A 


>k \k 




> 




ou 




— ^ 


OR 




C * ' 


l 


V 




w 




\ 


\/ 


y 








^ 


Adder 




/ 
































! 



















Figure 27 Bit Test and Branch Addressing Example 



PROG TAX 05BA 



Memory 



^\. 



E5 



Index Reg 



>—[ 



E5 



Stack Point 



Prog Count 



05BB 



Figure 28 Implied Addressing Example 
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■ INSTRUCTION SET 

The MCU has a set of 59 basic instructions. These instruc- 
tions can be divided into five different types; register/memory, 
read/modify /write, branch, bit manipulation and control. Each 
instruction is briefly explained below. All of the instructions 
within a given type are presented in individual tables. 

• Register/Memory Instructions 

Most of these instructions use two operands. One operand 
is either the accumulator or the index register. The other 
operand is obtained from memory by using one of the address- 
ing modes. The jump unconditional (JMP) and jump to sub- 
routine (JSR) instructions have no register operand. Refer to 
Table 8. 

• Read/Modify/Write Instructions 

These instructions read a memory location or a register, 
modify or test its contents and write the modified value back 
to the memory or register. The TST instruction for test of 
negative or zero is an exception to the read/modify/write 
instructions since it does not perform the write. Refer to Table 
9. 



• Branch Instructions 

The branch instructions cause a branch from a program 
when a certain condition is met. Refer to Table 10. 

• Bit Manipulation Instructions 

These instructions are used on any bit in the first 256 bytes 
of the memory. One group either sets or clears. The other 
group performs the bit test and branch operations. Refer to 
Table 11. 

• Control Instructions 

The control instructions control the MCU operations during 
program execution. Refer to Table 12. 

• Alphabetical Listing 

The complete instruction set is given in alphabetical order 
in Table 13. 

• Opcode Map 

Table 14 is an opcode map for the instructions used on the 
MCU. 
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Table 8 Register/Memory Instructions 





Mnemonic 


Addressing Modes 


Function 


Immediate 


Direct 


Extended 


Indexed 
(No Offset) 


Indexed 
(8-Bit Offset) 


Indexed 
(16-Bit Offset) 




Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Load A from Memory 


LDA 


A6 


2 


2 


B6 


2 


4 


C6 


3 


5 


F6 




4 


E6 


2 


5 


D6 


3 


6 


Load X from Memory 


LDX 


AE 


2 


2 


BE 


2 


4 


CE 


3 


5 


FE 




4 


EE 


2 


5 


DE 


3 


6 


Store A in Memory 


STA 


- 


- 


- 


B7 


2 


5 


C7 


3 


6 


F7 




5 


E7 


2 


6 


D7 


3 


7 


Store X in Memory 


STX 


- 


- 


- 


BF 


2 


5 


CF 


3 


6 


FF 




5 


EF 


2 


6 


DF 


3 


7 


Add Memory to A 


ADD 


AB 


2 


2 


BB 


2 


4 


CB 


3 


5 


FB 




4 


EB 


2 


5 


DB 


3 


6 


Add Memory and 
^ Carry to A 


ADC 


A9 


2 


2 


B9 


2 


4 


C9 


3 


5 


F9 




4 


E9 


2 


5 


D9 


3 


6 


X Subtract Memory 


SUB 


AO 


2 


2 


BO 


2 


4 


CO 


3 


5 


FO 




4 


EO 


2 


5 


DO 


3 


6 


^ Subtract Memory from 
rt A with Borrow 


SBC 


A2 


2 


2 


B2 


2 


4 


C2 


3 


5 


F2 




4 


E2 


2 


5 


D2 


3 


6 


X AND Memory to A 


AND 


A4 


2 


2 


B4 


2 


4 


C4 


3 


5 


F4 




4 


E4 


2 


5 


D4 


3 


6 


OR Memory with A 


ORA 


AA 


2 


2 


BA 


2 


4 


CA 


3 


5 


FA 




4 


EA 


2 


5 


DA 


3 


6 


Exclusive OR Memory 
with A 


EOR 


A8 


2 


2 


B8 


2 


4 


C8 


3 


5 


F8 




4 


E8 


2 


5 


D8 


3 


6 


Arithmetic Compare A 
with Memory 


CMP 


A1 


2 


2 


B1 


2 


4 


C1 


3 


5 


F1 




4 


E1 


2 


5 


D1 


3 


6 


Arithmetic Compare X 
with Memory 


CPX 


A3 


2 


2 


B3 


2 


4 


C3 


3 


5 


F3 




4 


E3 


2 


5 


D3 


3 


6 


Bit Test Memory with A 
(Logical Compare) 


BIT 


A5 


2 


2 


B5 


2 


4 


C5 


3 


5 


F5 




4 


E5 


2 


5 


D5 


3 


6 


Jump Unconditional . 


JMP 


- 


- 


- 


BC 


2 


3 


CC 


3 


4 


FC 




3 


EC 


2 


4 


DC 


3 


5 


Jump to Subroutine 


JSR 


- 


- 


- 


BD 


2 


7 


CD 


3 


8 


FD 




7 


ED 


2 


8 


DD 


3 


9 



Symbols: 

Op : Operation Abbreviation 

# : Instruction Statement 
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Table 9 Read/Modify /Write Instructions 





I 

I 

X 





Mnemonic 


Addressing Modes 


Function 


Implied (A) 


Implied (X) 


Direct 


Indexed 
(No Offset) 


Indexed 
(8-Bit Offset) 




Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Increment 


INC 


4C 




4 


5C 




4 


3C 


2 


6 


7C 




6 


6C 


2 


7 


Decrement 


DEC 


4A 




4 


5A 




4 


3A 


2 


6 


7A 




6 


6A 


2 


7 


Clear 


CLR 


4F 




4 


5F 




4 


3F 


2 


6 


7F 




6 


6F 


2 


7 


Complement 


COM 


43 




4 


53 




4 


33 


2 


6 


73 




6 


63 


2 


7 


Negate 

(2's Complement) 


NEG 


40 




4 


50 




4 


30 


2 


6 


70 




6 


60 


2 


7 


Rotate Left Thru Carry 


ROL 


49 




4 


59 




4 


39 


2 


6 


79 




6 


69 


2 


7 


Rotate Right Thru Carry 


ROR 


46 




4 


56 




4 


36 


2 


6 


76 




6 


66 


2 


7 


Logical Shift Left 


LSL 


48 




4 


58 




4 


38 


2 


6 


78 




6 


68 


2 


7 


Logical Shift Right 


LSR 


44 




4 


54 




4 


34 


2 


6 


74 




6 


64 


2 


7 


Arithmetic Shift Right 


ASR 


47 




4 


57 




4 


37 


2 


6 


77 




6 


67 


2 


7 


Arithmetic Shift Left 


ASL 


48 




4 


58 




4 


38 


2 


6 


78 




6 


68 


2 


7 


Test for Negative or 
Zero 


TST 


4D 




4 


5D 




4 


3D 


2 


6 


7D 




6 


6D 


2 


7 



Symbols: 

Op : Operation Abbreviation 

# : Instruction Statement 
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Table 10 Branch Instructions 





Mnemonic 


Relative Addressing Mode 


Function 


Op 
Code 


# 
Bytes 


# 
Cycles 


Branch Always 


BRA 


20 


2 


4 


Branch Never 


BRN 


21 


2 


4 


Branch IF Higher 


BHI 


22 


2 


4 


Branch IF Lower or Same 


BLS 


23 


2 


4 


Branch IF Carry Clear 


BCC 


24 


2 


4 


(Branch IF Higher or Same) 


(BHS) 


24 


2 


4 


Branch 1 F Carry Set 


BCS 


25 


2 


4 


(Branch IF Lower) 


(BLO) 


25 


2 


4 


Branch IF Not Equal 


BNE 


26 


2 


4 


Branch IF Equal 


BEQ 


27 


2 


4 


Branch IF Half Carry Clear 


BHCC 


28 


2 


4 


Branch IF Half Carry Set 


BHCS 


29 


2 


4 


Branch IF Plus 


BPL 


2A 


2 


4 


Branch IF Minus 


BMI 


2B 


2 


4 


Branch IF Interrupt Mask Bit is Clear 


BMC 


2C 


2 


4 


Branch IF Interrupt Mask Bit is Set 


BMS 


2D 


2 


4 


Branch IF Interrupt Line is Low 


BIL 


2E 


2 


4 


Branch IF Interrupt Line is High 


BIH 


2F 


2 


4 


Branch to Subroutine 


BSR 


AD 


2 


8 



Symbols: Op : Operation Abbreviation #: Instruction Statement 

Table 11 Bit Manipulation Instructions 





Mnemonic 


Addressing Modes 


Function 


Bit Set/Clear 


Bit Test and Branch 




Op 
Code 


# 
Bytes 


# 
Cycles 


Op 
Code 


# 
Bytes 


# 
Cycles 


Branch IF Bit n is set 


BRSETn (n=0 . 


...7) 


' - 


- 


- 


2«n 


3 


10 


Branch IF Bit n is clear 


BRCLR n (n=0 


....7) 


- 


- 


- 


01+2'n 


3 


10 


Set Bit n 


BSET n (n=0 .... 


.7) 


10+2-n 


2 


7 


- 


- 


- 


Clear bit n 


BCLR n (n=0 ... 


.7) 


11+2'n 


2 


7 


- 


- 


- 



Symbols: Op : Operation Abbreviation #: Instruction Statement 

Table 12 Control Instructions 





Mnemonic 


Implied 


Function 


Op 
Code 


# 
Bytes 


# 
Cycles 


Transfer A to X 


TAX 


97 




2 


Transfer X to A 


TXA 


9F 




2 


Set Carry Bit 


SEC 


99 




2 


Clear Carry Bit 


CLC 


98 




2 


Set Interrupt Mask Bit 


SEI 


9B 




2 


Clear Interrupt Mask Bit 


CLI 


9A 




2 


Software Interrupt 


SWI 


83 




11 


Return from Subroutine 


RTS 


81 




6 


Return from Interrupt 


RTI 


80 




9 


Reset Stack Pointer 


RSP 


9C 




2 


No-Operation 


NOP 


9D 




2 



Symbols: Op : Operation Abbreviation #: Instruction Statement 
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Table 13 Instruction Set 





Addressing Modes 


Condition Code 


Mnemonic 


Implied 


Imme- 
diate 


Direct 


Ex- 
tended 


Re- 
lative 


Indexed 

(No 
Offset) 


Indexed 
(8 Bits) 


Indexed 
(16 Bits) 


Bit 
Set/ 
Clear 


Bit 
Test & 
Branch 


H 


1 


N 


Z 


C 


ADC 




X 


X 


x 




X 


X 


X 






A 




A 


A 


A 


ADD 




X 


X 


X 




X 


X 


X 






A 




A 


A 


A 


AND 




X 


X 


X 




X 


X 


X 










A 


A 


• 


ASL 


X 




X 






X 


X 












A 


A 


A 


ASR 


X 




X 






X 


X 












A 


A 


A 


BCC 










X 






















BCLR 


















X 














BCS 










X 






















BEQ 










X 






















BHCC 










X 






















BHCS 










X 






















BHI 










X 






















BHS 










X 






















BIH 










X 






















BIL 










X 






















BIT 




X 


X 


X 




X 


X 


X 










A 


A 




BLO 










X 






















BLS 










X 






















BMC 










X 






















BMI 










X 






















BMS 










X 






















BNE 










X 






















BPL 










X 






















BRA 










X 






















BRN 










X 






















BRCLR 




















X 










A 


BRSET 




















X 










A 


BSET 


















X 














BSR 










X 






















CLC 


X 






























CLI 


X 






























CLR 


X 




X 






X 


X 















1 




CMP 




X 


X 


X 




X 


X 


X 










A 


A 


A 


COM 


X 




X 






X 


X 












A 


A 


1 


CPX 




X 


X 


X 




X 


X 


X 










A 


A 


A 


DEC 


X 




X 






X 


X 












A 


A 


• 


EOR 




X 


X 


X 




X 


X 


X 










A 


A 


• 


INC 


X 




X 






X 


X 












A 


A 


• 


JMP 






X 


X 




X 


X 


X 










• 


• 


• 


JSR 






X 


X 




X 


X 


X 










• 


• 


• 


LDA 




X 


X 


X 




X 


X 


X 










A 


A 


• 


LDX 




X 


X 


X 




X 


X 


X 










A 


A 


• 



Condition Code Symbols: 
H Half Carry (From Bit 3) 
I Interrupt Mask 
N Negative (Sign Bit) 
Z Zero 



C Carry Borrow 

A Test and Set if True, Cleared Otherwise 

• Not Affected 



(to be continued) 
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Table 13 Instruction Set 





Addressing Modes 


Condition Code 


Mnemonic 


Implied 


Imme- 
diate 


Direct 


Ex- 
tended 


Re- 
lative 


Indexed 

(No 
Offset) 


Indexed 
(8 Bits) 


Indexed 
(16 Bits) 


Bit 
Set/ 
Clear 


Bit 
Test & 
Branch 


H 


1 


N 


Z 


C 


LSL 


x 




X 






X 


X 












A 


A 


A 


LSR 


X 




X 






X 


X 















A 


A 


NEQ 


X 




X 






X 


X 












A 


A 


A 


NOP 


X 






























ORA 




X 


X 


X 




X 


X 


X 










A 


A 


• 


ROL 


X 




X 






X 


X 












A 


A 


A 


ROR 


X 




X 






X 


X 












A 


A 


A 


RSP 


X 






























RTI 


X 
























? 


? 


? 


RTS 


X 






























SBC 




X 


X 


X 




X 


X 


X 










A 


A 


A 


SEC 


X 
























• 


• 


1 


SEI 


X 
























• 


• 


• 


STA 






X 


X 




X 


X 


X 










A 


A 


• 


STX 






X 


X 




X 


X 


X 










A 


A 


• 


SUB 




X 


X 


X 




X 


X 


X 










A 


A 


A 


SWI 


X 
























• 


• 


• 


TAX 


X 






























TST 


X 




X 






X 


X 












A 


A 


• 


TXA 


X 































Condition Code Symbols: 
H Half Carry (From Bit 3) 
I Interrupt Mask 
N Negative (Sign Bit) 
Z Zero 



C Carry/Borrow 

A Test and Set if True, Cleared Otherwise 

• Not Affected 

? Load CC Register From Stack 



Table 14 Opcode Map 





Bit Manipulation 


Brnch 


Read/Modify /Write 


Control 


Register/Memory 






Test& 
Branch 


Set/ 
Clear 


Rel 


DIR 


A 


X 


*1 


.X0 


IMP 


IMP 


IMM 


DJR 


EXT 


.X2 


*1 


,X0 









1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 


<-H 





BRSETO 


BSE TO 


BRA 


NEQ 


RTI* 


- 


SUB 





1 


BRCLRO 


BCLRO 


BRN 


- 


RTS* 


- 


CMP 


1 


2 


BRSET1 


BSET1 


BHI 


- 


- 


- 


SBC 


2 


3 


BRCLR1 


BCLR1 


BLS 


COM 


SWI* 


- 


CPX 


3 


4 


BRSET2 


BSET2 


BCC 


LSR 


- 


- 


AND 


4 


5 


BRCLR2 


BCLR2 


BCS 


- 


- 


- 


BIT 


5 


6 


BRSET3 


BSET3 


BNE 


ROR 


- 


- 


LDA 


6 


7 


BRCLR3 


BCLR3 


BEQ 


ASR 


- 


TAX 


- | STA(+1 ) 


7 


8 


BRSET4 


BSET4 


BHCC 


LSL/ASL 


- 


CLC 


EOR 


8 


9 


BRCLR4 


BCLR4 


BHCS 


ROL 


- 


SEC 


ADC 


9 


A 


BRSET5 


BSET5 


BPL 


DEC 


- 


CLI 


ORA 


A 


B 


BRCLR5 


BCLR5 


BMI 


- 


- 


SEI 


ADO 


B 


C 


BRSET6 


BSET6 


BMC 


INC 


- 


RSP 


- 


JMPI-1) 


C 


D 


BRCLR6 


BCLR6 


BMS 


TST 


- 


NOP 


BSR* 


JSR<-3> 


D 


E 


BRSET7 


BSET7 


BIL 


_ 


_ 


_ 


LDX 


E 


F 


BRCLR7 


BCLR7 


BIH 


CLR 


_ 


TXA 


- 


STXI+1) 


F 




3/10 


2/7 


2/4 


2/6 | 1/4 | 1/4 | 2/7 | 1/6 


1/* 


1/2 


2/2 


2/4 | 3/5 | 3/6 | 2/5 | 1/4 





[NOTE] 1 . Undefined opcodes are marked with "— ". 

2. The number at the bottom of each column denotes the number of bytes and the number of cycles required (Bytes/Cycles). 
Mnemonics followed by a "•" require a different number of cycles as follows: 

RTI 9 

RTS 6 

SWI 11 

BSR 8 . 

3. ( ) indicates that the number in parenthesis must be added to the cycle count for that instruction. 
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■ HD68P05W0 USED FOR HD6805W1 

The HD6805W1 provides mask option of the internal oscil- 
lator and low voltage inhibit, while the HD68P05W0 provides 
only crystal option and without low voltage inhibit function. 

The address from $0F7A to $0FF1 cannot be used for user 
program because the self test program of the HD6805W1 (on- 



chip ROM version) is located at these addresses. 

In order to be pin compatible with the HD6805W1, the 
address of the HD68P05W0's ROM must be located at $0080 - 
SOFFF. Memory addresses $1000 to $1FFF should not be 
usable. 



000 


Timtr 


$0000 

$001 F 

\$007F 
\S0080 

S0F7A \ \ 

S0FF1 \ 
$0FF2 \ 

JOFFF 


Port A 


$0000 




PortB 


$0001 


031 


PortC 


$0002 


032 


(96 81 


PortD. 


$0003* 




Port A DDR 


$0004' 


127 


Port B DDR 


$0005' 


120 


ROM 
(3834 B) 


Port C DDR 


$0006' 






$0007 




Timer D.l. R.g. 1 


$0008 




Timer CTRL Reg. 1 


$0009 




Miscellaneous Reg. 


$000A 






$O00B 






$oooc 






S000D 




A/D CTRL Statu. Reg. 


$O0OE 




A/D Result R„ 


$000F' 






$0010 






$0011 






$0012 






$0013 






$0014 






$0015 






$0016 






$0017 






$0018 




PrescelerCTRLReo.2 


$0019 




Timer Status Reg. 2 


$O01A' 




Timer CTRL Reg. 2 


$001 B 




Timer Data Reg. 2 


$001 C 




Output Compare Reg. 


$0010 




<S«lf Twtl 


Input Capture Reg. 


$001E* 




RAM Control Reg. 


$001 F 




St.n0* RAM ,BB,- 


$0027 


40B2 


Interrupt Vectors 


s,p 


$0028 


4006 







Figure 29 MCU Memory Structure (For 32k bytes) 



Port A 


$0000 


PoriB 


$0001 


PortC 


$0002 


PortD 


$0003' 


Port A DDR 


$0004' 


Port BOOR 


$0005' 


Port C ODR 


$0006* 




$0007 


Timer Data Reg. 1 


$0008 


.Timer CTRL Reg. 1 


$0009 


Miscellaneous Reg. 


$O0OA 




$0008 




$00OC 




$0000 


A/D CTRL Stetus Reg. 


$O0OE 


A/D Result Rag. 


$000F* 




$0010 




$0011 




$0012 




$0013 




$0014 




$0015 




$0016 




$0017 




$0018 


Prescaler CTRL Reg. 2 


$0019 


Timer Stems Reg. 2 


$001 A 


Timer CTRL Beg. 2 


$0018 


Time. Oat. Reg. 2 


$001 C 


Output Compare Reg. 


$001 D 


Input Capture Reg. 


$001E' 


RAM Control Reg. 


$001 F 


Standby RAM (8 Br" 


i 
$0027 


RAM 196 Bl Sl#ek 
t 


$0028 



Figure 30 MCU Memory Structure (For 64k bytes) 

-CAUTION - 

This 64k bytes type should not be used debugging 
on-chip ROM of the HD6805W1. 
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■ PRECAUTION TO USE EPROM ON THE PACKAGE 8-BIT 
SINGLE-CHIP MICROCOMPUTER 

As this microcomputer takes a special packaging type with 
pin sockets on its surface, pay attention to the followings; 

(1) Do not apply higher electro-static voltage or serge voltage 
etc. than maximum rating, or it may cause permanent 
damage to the device. 

(2) There are 28 pin sockets on its surface. When using 32k 



3 Let the index-side four pins open. 

rWhen using 24 pin EPROM, match 
its index and insert it into lower 
24 pin sockets. 




EPROM (24 pins), let the index-side four pins open. 
(3) When assembling this LSI into user's system products as 
well as the mask ROM type 8-bit single-chip microcompu- 
ter, pay attention to the followings to keep the good ohmic 
contact between EPROM pins and pin sockets. 

(a) When soldering on a printed circuit board, etc., keep its 
condition under 250°C within 10 seconds. Over-time/ 
temperature may cause the bonding solder of socket 
pins to meet and the sockets may drop. 

(b) Keep out detergent or coater from the pin sockets at 
aft-solder flux removal or board coating. The flux or 
coater may make pin socket contactivity worse. 

(c) Avoid the permanent use of this LSI under the ever- 
vibratory place and system. 

(d) Repeating insertion/removal of EPROMs may damage 
the contactivity of the pin sockets, so it is recommend- 
ed to assemble new ones to your system products. 

Ask our sales agent about anything unclear. 
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HD63P01 M1 ,HD63PA01 M1 , 
HD63PB01M1 

CMOS MCU (Microcomputer Unit) 



The HD63P01M1 is an 8-bit single chip Microcomputer Unit 
(MCU) which has 4096 bytes or 8192 bytes of EPROM on 
the package. It is pin and function (except ROM) compatible 
with the HD6301V1. The HD63P01M1 can be used to emulate 
the HD6301V1 for software development or it can be used in 
production to allow for easy firmware changes with minimum 
delay. 

■ FEATURES 

• Pin Compatible with HD6301 V1 

• On Chip Function Compatible with HD6301V1 

•128 Bytes of RAM 

• 29 Parallel I/O 

• 1 6 Bit Programmable Timer 

• Serial Communication Interface 

• Low Power Consumption Mode 

Sleep Mode, Standby Mode 

• Minimum Instruction Cycle Time 

1/is (f = 1 MHz), 0.67/us (f = 1 .5MHz), 
0.5|xs (f = 2MHz) 

• Bit Manipulation, Bit Test Instruction 

• Protection from System Upset 
Address Trap, Op-Code Trap 

• Up to 65k Words Address Space 

• Applicable to 4k or 8k Bytes of EPROM 

4096 Bytes: HN482732A 

8192 Bytes : HN482764, HN27C64 

■ TYPE OF PRODUCTS 



• The specifications for HD63PA01M1 and HD63PB01M1 are preliminary. - 



HD63P01M1,HD63PA01M1, 
HD63PB01M1 




(DC-40P) 



■ PIN ARRANGEMENT 



HD63P01M1, HD63PA01M1, HD63PB01M1 



Type No. 


Bus Timing 


EPROM Type No. 


HD63P01M1 


1MHz 


HN482732A-30, HN482764-3, HN27C64-30 


HD63PA01M1* 


1.5MHz 


HN482732A-30, HN482764-3, HN27C64-30 


HD63PB01Mr 


2MHz 


HN482732A-25, HN482764, HN27C64-25 



Preliminary 



ov cc 


v cc o 


OA 12 


VccO 


OA 7 


Vcco 


OA| 


A, O 


OA s 


A» O 


OA, 


An O 


OA 3 


VssO 


OA 2 


A,o O 


OA, 


CE O 


OAo 


•O7 O 


OOo 


Oe O 


OO, 


Os O 


OO2 


0« O 


ov ss 


Os O 



(Top View) 



(NOTE) EPROM is not included. 
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■ BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 ~ +7.0 


V 


Input Voltage 


Vin 


-03 ~ V cc +0.3 


V 


Operating Temperature 


* opr 


0~ +70 


°C 


Storage Temperature 


Tstg 


-55 ~+150 


°C 



(NOTE) This product has protection circuits in input terminal from high static electricity voltage and high electric field. 
But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection 
circuits. To assure the normal operation, we recommend V; n , V out : Vgs £» Win or V out ) ^ Vcc. 



ELECTRICAL CHARACTERISTICS 

DC CHARACTERISTICS (V C c = 5.0V±10%, Vgs = 0V. Ta = 0~+70°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 




RES, STBY 


V, H 




V C c -0.5 


- 


V C c 
+0.3 




Input "High" Voltage 


EXTAL 


V cc x0.7 


- 


V 




Other Inputs 


2.0 


- 




Input "Low" Voltage 


All Inputs 


V, L 




-0.3 


- 


0.8 


V 


Input Leakage Current 


NMl, IRQ!, RES, STB? 


Hi„l 


V in =0.5~V CC -0.5V 


- 


- 


1.0 


/iA 


Three State (off -state) 
Leakage Current 


PlO~Pl7» P20~P24. 

P 30^^37 # P40~P47, IS3 


Hts.I 


V in =0.5~V cc -0.5V 


- 


- 


1.0 


MA 


Output "High" Voltage 


All Outputs 


V H 


I oh = -200//A 


2.4 


- 


- 


V 


Ioh =-10juA 


Vcc-0.7 


- 


- 


V 


Output "Low" Voltage 


All Outputs 


Vol 


l OL = 1.6mA 


- 


- 


0.55 


V 


Input Capacitance 


All Inputs 


C in 


V in =0V,f= 1.0MHz, 
Ta = 25°C 


- 


- 


12.5 


PF 


Standby Current 


Non Operation 


•cc 




- 


2.0 


15.0 


HA 


Current Dissipation* 




'cc 


Operating (f=1 MHz**) 


- 


6.0 


10.0 


mA 


Sleeping (f=1 MHz**) 


- 


1.0 


2.0 


RAM Stand-By Voltage 




Vram 




2.0 


- 


- 


V 



' V )H min = V CC -1.0V, V ]L max = 0.8V, l cc of EPROM is not included. 

* Current Dissipation of the operating or sleeping condition is proportional to the operating frequency. So the typ. or max. 
values about Current Dissipations at f =x MHz operation are decided according to the following formula; 
typ. value (f = x MHz) = typ. value (f = 1MHz)xx 
max. value (f = x MHz) = max. value (f = 1 MHz) x x 

(both the sleeping and operating) 
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• AC CHARACTERISTICS (Vcc - 5.0V±10%, Vgg = OV, T a 
BUS TIMING 



■■ 0~+70°C, unless otherwise noted.) 









Symbol 


Test 
Con 
dition 


HD63P01M1 


HD63PA01M1 


HD63PB01M1 


Unit 




min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


Cycle Time 


tcyc 


Fig. 1 
Fig. 2 


1 


- 


10 


0.666 


- 


10 


0.5 


- 


10 


jus 


Address Strobe Pulse Width 
"High" 


PW A sh 


220 


- 


- 


150 


- 


- 


110 


- 


- 


ns 


Address Strobe Rise Time 


*ASr 


- 


- 


20 


- 


- 


20 




- 


20 


ns 


Address Strobe Fall Time 


*ASf 


- 


- 


20 


- 


- 


20 


- 


- 


20 


ns 


Address Strobe Delay Time 


*ASD 


60 


- 


- 


40 


- 


- 


20 


- 


- 


ns 


Enable Rise Time 


t E r 


- 


- 


20 


- 


- 


20 


- 


- 


20 


ns 


Enable Fall Time 


t E f 


- 


- 


20 


- 


- 


20 


- 


- 


20 


ns 


Enable Pulse Width "High" Level 


PW EH 


450 


- 


- 


300 


- 


- 


220 


- 


- 


ns 


Enable Pulse Width "Low" Level 


PWel 


450 


- 


- 


300 


- 


- 


220 


- 


- 


ns 


Address Strobe to Enable Delay 
Time 


^SED 


60 


- 


- 


40 


- 


- 


20 


- 


- 


ns 


Address Delay Time 


*AD1 


- 


- 


250 


- 


- 


190 


- 


- 


160 


ns 


tAD2 


- 


- 


250 


- 


- 


190 


- 


- 


160 


ns 


Address Delay Time for Latch 


tADL 


- 


- 


250 


- 


- 


190 


- 


- 


160 


ns 


Data Set-up Time 


Write 


l DSW 


230 


- 


- 


150 


- 


- 


100 


- 


- 


ns 


Read 


tDSR 


80 


- 


- 


60 


- 


- 


50 


- 


- 


ns 


Data Hold Time 


Read 


*HR 





- 


- 





- 


- 





- 


- 


ns 


Write 


*MW 


20 


- 


- 


20 


- 


- 


20 


- 


- 


ns 


Address Set-up Time for Latch 


tASL 


60 


- 


- 


40 


- 


- 


20 


- 


- 


ns 


Address Hold Time for Latch 


*AHL 


30 


- 


- 


20 


- 


- 


20 


- 


- 


ns 


Address Hold Time 


*AH 


20 


- 


- 


20 


- 


- 


20 


- 


- 


ns 


A ~ A 7 Set-up Time Before E 


^ASM 


200 


- 


- 


110 


- 


- 


60 


- 


- 


ns 


Peripheral Read 
Access Time 


Non-Multiplexed 
Bus 


(*ACCN ) 


- 


- 


650 


- 


- 


395 


- 


- 


270 


ns 


Multiplexed Bus 


(tACCM I 


- 


- 


650 


- 


- 


395 


- 


- 


270 


ns 


Oscillator stabilization Time 


*RC 


Fig. 10 
Fig. 11 


20 


- 


- 


20 


- 


- 


20 


- 


- 


ms 


Processor Control Set-up Time 


tpcs 


200 


- 


- 


200 


- 


- 


200 


- 


- 


ns 



PERIPHERAL PORT TIMING 











Symbol 


Test 
Con- 
dition 


HD63P01M1 


HD63PA01M1 


HD63PB01M1 


Unit 




min 


typ 


max 


min 


typ 


max 


mm 


typ 


max 


Peripheral Data 
Set-up Time 


Port 1,2,3,4 


tpDSU 


Fig. 3 


200 


- 


- 


200 


- 


- 


200 


- 


- 


ns 


Peripheral Data 
Hold Time 


Port 1,2, 3, 4 


tpDH 


Fig. 3 


200 


- 


- 


200 


- 


- 


200 


- 


- 


ns 


Delay Time, Enable Positive 
Transition to OS3 Negative 
Transition 


*OSD1 


Fig. 5 


- 


- 


300 


- 


- 


300 


- 


- 


300 


ns 


Delay Time, Enable Positive 
Transition to OS3 Positive 
Transition 


toSD2 


Fig. 5 


- 


- 


300 


- 


- 


300 


- 


- 


300 


ns 


Delay Time, Enable Nega- 
tive Transition to Peri- 
pheral Data Valid 


Porti, 
2* 3, 4 


tpWD 


Fig. 4 


- 


- 


300 


- 


- 


300 


- 


- 


300 


ns 


Input Strobe Pulse Width 


tpwis 


Fig. 6 


200 


- 


- 


200 


- 


- 


200 


- 


- 


ns 


Input Data Hold Time 


Port 3 


t|H 


Fig. 6 


150 


- 


- 


150 


- 


- 


150 


- 


- 


ns 


Input Data Setup Time 


Port 3 


tis 


Fig. 6 





- 


- 







- 





- 


- 


ns 



Except P21 
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TIMER, SCI TIMING 



Item 


Symbol 


Test 
Con- 
dition 


HD63P01M1 


HD63PA01M1 


HD63PB01M1 


Unit 


min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


Timer Input Pulse Width 


tpWT 




2.0 


- 


- 


2.0 


- 


- 


2.0 


- 


- 


tcvc 


Delay Time, Enable Positive 
Transition to Timer Out 


^TOD 


Fig. 7 


- 


- 


400 


- 


- 


400 


- 


- 


400 


ns 


SCI Input Clock Cycle 


tscyc 




2.0 


- 


- 


2.0 


- 


- 


2.0 


- 


- 


tcyc 


SCI Input Clock Pulse Width 


tpwSCK 




0.4 


- 


0.6 


0.4 


- 


0.6 


0.4 


- 


0.6 


tscyc 


MODE PROGRAMMING 


Item 


Symbol 


Test 
Con- 
dition 


HD63P01M1 


HD63PA01M1 


HD63PB01M1 


Unit 


min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


RES "Low" Pulse Width 


PWrstl 


Fig. 8 


3 


- 


- 


3 


- 


- 


3 


- 


- 


tcyc 


Mode Programming Set-up Time 


Imps 


2 


- 


- 


2 


- 


- 


2 


- 


- 


tcyc 


Mode Programming Hold Time 


t|ylPH 


150 


- 


- 


150 


- 


- 


150 


- 


- 


ns 



P./W .Ar-A» 
ISCi IPorM) 



MCU Write 
<> ~0,.A ~A, 



MCU Read 
D,~D,. A,~A, 
(Port 31 




Figure 1 Expanded Multiplexed Bus Timing 
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D,~D, 
(Port 3) 



A.-A, {Port II 
Ai-A,, (Port 41 



Figure 2 Expanded Non-Multiplexed Bus Timing 



p,„ - p,, 
p J0 - p„ 
p,„ -- p„ 

Inputs 

P30 ~ P„ 
Inputs* 



'PDSU>" 



2 4V j <- '-24 

|7Tl " ►'PDH k_ 

/alid X • 



2.0V 
,8V 



20V 
0.8V 



X 



•Port 3 Non-Latched Operation 

Figure 3 Port Data Set-up and Hold Times 
(MCU Read) 



All Data 

Port Outputs 



r 



^—T 



1 



Note) Port 2: Except P, , 

Figure 4 Port Data Delay Times 
(MCU Write) 



r 



MCU access of Port 3' 



«J= ^^r 



X 



1 



■») |— 'OSD2 
3 l 2.4V 



'Access matches Output Strobe Select (OSS * 0, a read; 

OSS » 1 , a write) 

Figure 5 Port 3 Output Strobe Timing 
(Single Chip Mode) 



p M - P„ 20V 
Inputs 0.8V 



3 ,0.8V , f 0i 



•— IPWIS— • 



j&^Oi 



F igure 6 Port 3 Latch Timing 
(Single Chip Mode) 
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v r 

J r- 0.8V 0.8V J lC 



Mode Inputs 
<P,„.P,,,P,,>" 



2 OV y C 
8V "5 ^ 



'RSTL- 
— 'MPS - * 



Figure 8 Mode Programming Timing 



Figure 7 Timer Output Timing 



; R L -2.2kn {4.0knforEI 



Tesi Pent O— • 1 Wj 



V'S2074fl 



C =90pF for P m ~P:h. P 4 o~P«. SCi. SC 2 

= 30pFfor Pi.,-P,7. P 2 »-P 24 

=40pF for E 
R =12kQ for P„,-P„. P 2 o~P 21 . Pm-P.w. P41.-P4;. E, SCi. SC 2 

Figure 9 Bus Timing Test Loads (TTL Load) 



NMI. IRQ.. IRQ: 



~* x x — x y x — x — y— x — x- x x x — x — r 



pn 



Op Code Op Code FFFF SP SP-1 SP-2 SP-3 SP-4 SP-5 SP-6 Vector Vector New PC 
Address Address + 1 ¥?8 t^B Address 

Address Address 



** " Ai j* " " * * ^ ^ . ^ A. Ai _ . 

Op Code Pperand Irrelevant PCO- PC8- 1X0- 1X8- ACCA ACCB CCR Vector Vector First Instio? 
OpCode n ffti , PC15 |X? |X15 MSB LSB Interrupt Routin e 



y 



Figure 10 Interrupt Sequence 



— p f4 5V 



anjij^ri-Ji-n-nJiJ"^^ 

VL „ 1 , 



jin- 



r— " 

— ^ V CC -0 5V 



•»csh 



-(I It 



.^ 



-J 



CDCXDCDCDCZH 



r""| 




Figure 11 Reset Timing 
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■ FUNCTIONAL PIN DESCRIPTION 

• Vcc. Vss 

These two pins are used for power supply and GND. Re- 
commended power supply voltage is 5V ±10%. If the operating 
voltage of the EPROM is 5V ±5%, 5V±5% should be used. 

• XTAL, EXTAL 

These two pins are connected with parallel resonant funda- 
mental crystal, AT cut. For instance, in order to obtain the 
system clock 1MHz, a 4MHz resonant fundamental crystal is 
used because the devide by 4 circuitry is included. EXTAL 
accepts an external clock input of duty 50% (±10%) to drive, 
then internal clock is a quarter the frequency of an external 
clock. External driving frequency will be less than 4 times as 
maximum internal clock. For external driving, XTAL pin 
should be open. An example of connection circuit is shown in 
Fig. 12. 

AT Cut Parallel Resonance Crystal 
C = 7 pF max 
R. = 60 ft max 



XTAL 



1 



C L1 " C L2 -10~22pF » 20% 
(3.2-8MHZ) 



-j- c L2 -r- C| - 1 

-rrr -rrr 



(a) Crystal Interface 



XTAL 
EXTAL 



•N.C. 

■£ External Clock 



(b) External Clock 
Figure 12 Connection Circuit 

• Standby (STBY) 

This pin is used to place the MCU in the Standby mode. 
If this goes to "Low" level, the oscillation stops, the internal 
clock is tied to Vss or ^CC an< ^ tne MCU is reset. In order to 
retain information in RAM during standby, write "0" into RAM 
enable bit (RAME). RAME is bit 6 of the RAM Control Register 
at address $0014. This disables the RAM, so the contents of 
RAM is guaranteed. For details of the standby mode, see the 
Standby section. 

• Reset (R~ES) 

This input is used to reset the MCU. RES must be held 
"Low" for at least 20ms when the power starts up. It should be 
noted that, before clock generator stabilize, the internal state 
and I/O ports are uncertain, because MCU can not be reset 
without clock. To reset the MCU during system operation, it 
must be held "Low" for at least 3 system clock cycles. From 
the third cycle, all address buses become "High-impedance" 
and it continues while RES is "Low". If RES goes to "High", 
CPU does the following. 



(1) I/O Port 2 bits, 2,1 ,0 are latched into bits PC2, PCI, PC0 of 
program control register. 

(2) The contents of the two Start Addresses, SFFFE, SFFFF 
are brought to the program counter, from which program 
starts (see Table 1). 

(3) The interrupt mask bit is set. In order to h ave th e CPU 
recognize the maskable interrupts IRQt and IRQ2, clear 
it before those are used. 

• Enable (E) 

This output pin supplies system clock. Output is a single- 
phase, TTL compatible and 1/4 of the crystal oscillation fre- 
quency. It will drive two LS TTL load and 40pF. 

• Non maskable Interrupt (NMI) 

When the falling edge of the input signal of this pin is re- 
cognized, NMI sequence star ts. T he current instruction is con- 
tinued to complete, even if NMI signal is detected. Interrupt 
mask bit in Condition Code Register has no effect on NMI 
detection. In response to NMI interrupt, the information of 
Program Counter, Index Register, Accumulators, and Condition 
Code Register are stored on the stack. On completion of this 
sequence, vectoring address $FFFC and SFFFD are generated 
to load the contents to the program counter. Then the CPU 
branch to a non maskable interrupt service routine. 

• Interrupt Request (IRQi) 

This level sensitive input requests maskable interrupt se- 
quence. When IRQi goes to "Low", the CPU waits until it 
completes the current instruction that is being executed. Then, 
if the interrupt mask bit in Condition Code Register is not set, 
CPU begins interrupt sequence; otherwise, interrupt request is 
neglected. 

Once the sequence has started, the information of Program 
Counter, Index Register, Accumulators, Condition Code Re- 
gister are stored on the stack. Then the CPU sets the interrupt 
mask bit so that no further maskable interrupts may be res- 
ponded. 

Table 1 Interrupt Vectoring memory map 



Highest 
Priority 



Vector 




MSB 


LSB 




FFFE 


FFFF 


R"E"5 


FFEE 


FFEF 


TRAP 


FFFC 


FFFD 


NMI 


FFFA 


FFFB 


1 Software Innrrupt ISWI) 


FFF8 


FFF9 


iFtS, (or iS3) 


FFF6 


FFF7 


ICF (Timer Input Capture) 


FFF4 


FFFS 


OCF fTimer Output Compere) 


FFF2 


FFF3 


TOF (Timer Overflow) 


FFF0 


FFF1 


SCI (ROFtF ♦ ORFE ♦ TORE) 



Lowest 
Priority 



At the end of the cycle, the CPU generates 16 bit vectoring 
addresses indicating memory addresses SFFF8 and $FFF9, and 
load the contents to the Program Counter, then branch to an 
interrupt service routine. 

The Internal I nterr upt will generate signal (IRQ2) which is 
quite the same as IRQi except that it will use the vector address 
SFFF0 to $FFF7. 

When IRQi and IRQ2 are generated at the same time, the 
former precede the latter. Interrupt Mask Bit in the condition 
co de reg ister, if being set, will keep the both interrupts off. 

IRQi has no internal latch. Therefore, if IRQi is removed 
during suspension, that IRQi is ignored. 
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On occurrence of Address error or Op-code error, TRAP 
interrupt is invoked. This interrupt has priority next to RES. 
Regardless of the Interrupt Mask Bit condition, the CPU will 
start an interrupt sequence. The vector for this interrupt will be 
$FFEE, $FFEF. 

The following pins are available only in single chip mode. 

• I npu t Strobe (133) (SC 1 ) 

This signal controls 153 interrupt and the latch of Port 3. 
When the falling edge of this signal is detected, the flag of 
Port 3 Control Status Register is set. 

For detailed explanation of Port 3 Control Status Register, 
see the I/O PORT 3 CONTROL STATUS REGISTER section. 

• Output Strobe (553) (SC2 ) 

This signal is used to send a strobe to an external device, 
indicating effective data is on the I/O pins. The timing chart for 
Output Strobe are shown in Figure 5. 

The following pins are available for Expanded Modes. 

• Read/Write (R/W) (SC2) 

This TTL compatible output signal indicates peripheral and 
memory devices whether CPU is in Read ("High"), or in Write 
("Low"). The normal stand-by state is Read ("High"). Its 
output will drive one TTL load and 90pF. 

• I/O Strobe (IO~§) (SCi ) 

In expanded non multiplexed mode 5 of operation, iOS 
goes to "Low" only when A9 through Ais are "0" and As is 
"1" . This allows external access up to 256 addresses from 
$0100 to $01FF in memory. The timing chart is shown in 
Figure 2. 

• Address Strobe (AS) (SCi ) 

In the expanded multiplexed mode, address strobe signal 
appears at this pin. It is used to latch the lower 8 bits addresses 
multiplexed with data at Port 3. The 8-bit latch is controlled 
by address strobe as shown in Figure 18. Thereby, I/O Port 3 
can become data bus during E pulse. The timing chart of this 
signal is shown in Figure 1 . 

Address Strobe (AS) is sent out even if the internal address 
area is accessed. 

■ PORTS 

There are four I/O Ports on HD63P01M1 MCU (three 8-bit 
ports and one 5-bit port). 2 control pins are connected to one 
of the 8-bit port. Each port has an independent write-only data 
direction register to program individual I/O pins for input or 
output.* 

When the bit of associated Data Direction Register is "1". 
I/O pin is programmed for output, if "0", then programmed for 
an input. 

There are four ports: Port 1, Port 2, Port 3, and Port 4. 
Addresses of each port and associated Data Direction Registers 
are shown in Table 2. 

• Only one exception is bit 1 of Port 2 which becomes either a 

data input or a timer output. If cannot be used as an output 

port. 

RES does not affect I/O port Data Register. Therefore, just 
after RES, Data Register is uncertain. Data Direction Registers 
are reset. 



Table 2 Port and Data Direction Register Addresses 



Ports 


Port Address 


Osta Direction 
Register Address 


I/O Port 1 
I/O Port 2 
I/O Port 3 
I/O Port 4 


$0002 
$0003 
$0006 
$0007 


$0000 
$0001 
$0004 
$0005 



• I/O Port 1 

This is an 8-bit port, each bit being defined individually as 
input or outputs by associated Data Direction Register. The 
8-bit output buffers have three-state capability, maintaining in 
high impedance state when they are used for input. In order to 
be read accurately, the voltage on the input lines must be more 
than 2.0V for logic "1" and less than 0.8 V for logic "0". 

These are TTL compatible. After the MCU has been reset, all 
I/O lines of Port 1 are configured as inputs in all modes except 
mode 1 . In all modes except expanded non multiplexed mode 
(Mode 1), Port 1 is always parallel I/O. In mode 1, Port 1 will be 
output line for lower order address lines (Ao to A7). 

• I/O Port 2 

This port has five lines, whose I/O direction depends on its 
data direction register. The 5-bit output buffers have three-state 
capability, going high impedance state when used as inputs. In 
order to be read accurately, the voltage on the input lines must 
be more than 2.0V for logic "1" and less than 0.8V for logic 
"0". After the MCU has been reset, I/O lines are configured as 
inputs. These pins on Port 2 (pins 10,9,8 of the chip) are used 
to program the mode of operation during reset. The values of 
these three pins during reset are latched into the upper 3 bits 
(bit 7, 6 and 5) of Port 2 Data Register, which is explained in 
the MODE SELECTION section. 

In all modes, Port 2 can be configured as I/O lines. This port 
also provides access to the Serial I/O and the Timer. However, 
note that bit 1 (P21 ) is the only pin restricted to data input or 
Timer output. 

• I/O Port 3 

This is an 8-bit port which can be configured as I/O lines, a 
data bus, or an address bus multiplexed with data bus. Its 
function depends on hardware operation mode programmed by 
the user using 3 bits of Port 2 during Reset. Port 3 as a data bus 
is bi-directional. For an input from peripherals, regular TTL 
level must be supplied, that is greater than 2.0V for a logic "1" 
and less than 0.8V for a logic "0". This TTL compatible three- 
state buffer can drive one TTL load and 90pF. In the expanded 
Modes, data direction register will be inhibited after Reset and 
data direction will depend on the state of the R/W line. Func- 
tion of Port 3 is shown below. 
Single Chip Mode (Mode 7) 

Parallel Inputs/Outputs as programmed by its corresponding 
Data Direction Register. 

There are two control lines associated with this port in this 
mode, an input strobe (153) and an output strobe (053), both 
being used for handshaking. They are controlled by I/O Port 3 
Control/Status Register. Function of these two control lines of 
Port 3 are summarized as follows: 

(1) Port 3 input data can be latched using 153 (SCi) as a 
input strobe signal. 

(2) OS3 can be generated by CPU read or write to Port 3's 
data r egister. 

(3) IRQi interrupt can be generated by an 153 falling 
edge. 
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Port 3 strobe and latch timing is shown in Figs. 5 and 6 
respectively. 

I/O Port 3 Control/Status Register is explained as follows: 

I/O Port 3 Control/Status Register 



i53 

FLAG 


153 

ma 

ENABLE 


X 


OSS 


LATCH 
ENABLE 


X 


X 


X 



BitO NotuMd. 
Bit 1 Not used. 
Bit 2 Not used. 
Bit 3 LATCH ENABLE. 

Bit 3 is used to control the input latch of Port 3. If the bit is 
set at "1", the input data on Port 3 is latched by the falling edge 
of 153. The latch is released by the MCU read to Port 3; now 
new data can be latched again by IS3 falling edge. Bit 3 is 
cleared by a reset. If this bit is "0", IS3 does not affect I/O 
Port 3 latch operation. 
Bit 4 OSS (Output Strobe Select) 

This bit identifies the cause of output strobe generation: a 
write operation or read operation to I/O Port 3. When the bit is 
cleared, the strobe will be generated by a read operation to Port 
3. When the bit is not cleared, the strobe will be generated by a 
write operation. Bit 4 is cleared by a reset. 
Bit 5 Not used. 
Bit 6 IS3 IRQI ENAB LE. 

If this bit is set, IRQi interrupt by IS3 Flag is enabled. 
Otherwise the interrupt is disabled. The bit is cleared by a 
reset. 
Bit7lS3FLAG. 

Bit 7 is a read-only bit which is set by the falling edge of IS3 
(SCi). It is cleared by a read of the Control/Status Register fol- 
lowed by a read/write of I/O Port 3. The bit is cleared by reset. 



Expanded Non Multiplexed Mode (mode 1, 5) 

In this mode, Port 3 becomes data bus. (Do ~ D7) 
Expanded Multiplexed Mode (mode 0, 2, 4, 6) 

Port 3 becomes both the data bus (Do ~ D7) and lower bits 
of the address bus (Ao ~ A7). An address strobe output is "High" 
while the address is on the port. 

• I/O Port 4 

This is an 8-bit port that becomes either I/O or address 
outputs depending on the selected operation mode. In order 
to be read accurately, the voltage at the input lines must be 
greater than 2.0V for a logic "1", and less than 0.8V for a logic 
"0". For outputs, each line is TTL compatible and can drive one 
TTL load and 90pF. Function of Port 4 for each mode is 
explained below. 

Single Chip Mode (Mode 7): Parallel Inputs/Outputs as pro- 
grammed by its associated data direction register. 
Expanded Non Multiplexed Mode (Mode 5): In this mode, 
Port 4 becomes the lower address lines (Ao to A7) by writing 
"l"s on the data direction register. After reset, this port 
becomes inputs. In order to use these pins as addresses, they 
should be programmed as outputs. 

When all of the eight bits are not required as addresses, the 
remaining lines can be used as I/O lines (Inputs only). 
Expanded Non Multiplexed Mode (Mode 1): In this mode, Port 
4 becomes output for upper order address lines (As to Ais) 
regardless of the value of the direction register. 
Expanded Multiplexed Mode (Mode 6): In this mode, Port 4 
becomes the upper address lines (As to Ais). After reset, this 



port becomes inputs. In order to use these pins as addresses, 
they should be programmed as outputs. When all of the eight 
bits are not required, the remaining lines can be used as I/O 
lines (input only). 

Expanded Multiplexed Mode (Mode 0, 2, 4): In this mode, Port 
4 becomes output for upper order address lines (As to Ais) 
regardless of the value of data direction register. 

The relation between each mode and I/O Port 1 to 4 is 
summarized in Table 3. 

■ MODE SELECTION 

The operation mode after the reset must be determined by 
the user wiring the 10, 9, and 8th pins externally. These three 
pins are lower order bits; I/O 0, I/O 1,1/0 2 of Port 2. They are 
latched into the control bits PC0,PC1,PC2 of I/O Port 2 register 
when reset goes "High". I/O Port 2 Register is shown below. 

Port 2 DATA REGISTER 



$0003 PC2 PCI PCO I/O 4 I/O 3 I/O 2 I/O 1 I/O 



An example of external hardware used for Mode Selection is 
shown in Fig. 13. The HD14053B is used to separate the pe- 
ripheral device from the MCU during reset. It is necessary if 
the data may conflict between peripheral device and Mode 
generation circuit. 

No mode can be changed through software because the bits 
5, 6, and 7 of Port 2 Data Register are read-only. The mode 
selection of the HD63P01M1 is shown in Table 4. 

The HD63P01M1 operates in three basic modes: (1) Single 
Chip Mode; (2) Expanded Multiplexed Mode (compatible with 
the HMCS6800 peripheral family), (3) Expanded Non Multi- 
plexed Mode (compatible with HMCS6800 peripheral family). 

• Single Chip Mode (Mode 7) 

In the Single Chip Mode, all ports will become I/O. This is 
shown in Figure 15. In this mode, SCi, SC2pins are configured 
for control lines o f Por t 3 and can be used as input strobe (153) 
and output strobe (OS3) for data handshaking. 

• Expanded Multiplexed Mode (Mode 0, 2, 4, 6) 

In this mode, Port 4 is configured for I/O (inputs only) or 
address lines. The data bus and the lower order address bus are 
multiplexed in Port 3 and can be separated by the Address 
Strobe. 

Port 2 is configured for 5 parallel I/O or Serial I/O, or Timer, 
or any combination thereof. Port 1 is configured for 8 parallel 
I/O. In this mode, HD63P01M1 is expandable up to 65k words 
(See Fig. 16). 

• Expanded Non Multiplexed Mode (Mode 1, 5) 

In this mode, the HD63P01M1 can directly address HMCS6800 
peripherals with no external logic. In mode 5, Port 3 becomes a 
data bus. Port 4 becomes Ao to A7 address bus or partial 
address bus and I/O (inputs only). Port 2 is configured for a 
parallel I/O, Serial I/O, Timer or any combination thereof. 

Port 1 is configured as a parallel I/O only. 

In this mode, HD63P01M1 is expandable to 256 locations. 

In mode 1 , Port 3 becomes a data bus and Port 1 becomes 
Ao to A7 address bus, and Port 4 becomes As to Ais address 
bus. 
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In this mode, the HD63P01M1 is expandable to 65k words 
with no external logic. (See Fig. 17) 

• Lower Order Address Bus Latch 

Because the data bus is multiplexed with the lower order 

v C c 




Tft 



address bus in Port 3 in the expanded multiplexed mode, 
address bits must be latched. It requires the 74LS373 Trans- 
parent octal D-type to latch the LSB. Latch connection of 
the HD63P01M1 is shown in Figure 18. 




(PCO) 
(PCD 
IPC2) 



Note 1) Figure of Mode 7 

2) RC^Reset Constant 

3) R,=10kn 



m 

Figure 13 Recommended Circuit for Mode Selection 
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Figure 14 HD14053B Multiplexers/De-Multiplexers 
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Figure 15 HD63P01M1 MCU Single-Chip Mode 
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Figure 16 HD63P01M1 MCU Expanded 
Multiplexed Mode 
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Figure 17 HD63P01M1 MCU Expanded Non Multiplexed Mode 
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Figure 18 Latch Connection 



• Summary of Mode and MCU Signal 

This section gives a description of the MCU signals for the 
various modes. SCi and SC 2 are signals which vary with the mode. 



Table 3 Feature of each mode and lines 



MODE 


PORT 1 
Eight Lines 


PORT 2 
Five Lines 


PORT 3 
Eight Lines 


PORT 4 
Eight Lines 


SCi 


SC 2 


SINGLE CHIP (Mode 7) 


I/O 


I/O 


I/O 


I/O 


IS3 (1) 


OS3 (0) 


EXPANDED MUX 
(Mode 0. 2, 4, 6) 


I/O 


I/O 


ADDRESS BUS 

(A0-A7) 

DATA BUS 

(D0-D7) 


ADDRESS BUS* 
(Aa-Ais) 


AS(0) 


R/W(0) 


EXPANDED 


(Mode 5) 


I/O 


I/O 


DATA BUS 
(D0-D7) 


ADDRESS BUS* 
(A0-A7) 


JOS(O) 


R/W(0) 


NON-MUX 


(Model) 


ADDRESS BUS 

(A0-A7) 


I/O 


DATA BUS 
(D0-D7) 


ADDRESS BUS 

(Aa~Ais) 


Not Used 


R/W(0) 



'These lines can be substituted for I/O (Input Only) (except Mode 0, 2, 4). 



1 = Input 


IS3 - Input Strobe 


SC 


= Strobe Control 


= Output 


OS3 = Output Strobe 


AS 


= Address Strobe 


R/W - Read/Write 


IOS = I/O Select 
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Table 4 Mode Selection Summary 



Mod* 


(P&) 


(Pc'l) 


(PCO) 


ROM 


RAM 


Interrupt 
Vectors 


But 
Mode 


Operating 
Mode 


7 


H 


H 


H 


1 


1 


1 


1 


Single Chip 


6 


H 


H 


L 


1 


1 


1 


MUX< 3 > 


Multiplexed/Partial Decode 


S 


H 


L 


H 


1 


1 


1 


NMUX< 3 > 


Non-Multiplexed/Partial Decode 


4 


H 


L 


L 


E<D 


1 


E 


MUX 


Multiplexed/RAM 


3 


L 


H 


H 


- 


- 


- 


- 


Not Used 


2 


'L 


H 


L 


E<1> 


1 


E 


MUX 


Multiplexed/RAM 


1 


L 


L 


H 


E(D 


1 


E 


NMUX 


Non-Multiplexed 





L 


L 


L 


1 


1 


|(2) 


MUX 


Multiplexed Test 



LEGEND : 
I — Internal 
E — External 
MUX - Multiplexed 
NMUX - Non-Multiplexed 
L — Logic "0" 
H —Logic"!" 



(NOTES) 

1) Internal ROM is disabled. 

2) Rese t vector is external for 4 cycles after 
RES goes "high". 

3) Idle lines of Port 4 address outputs can 
be assigned to Input Port. 



■ Memory Map 

The MCU can provide up to 65 k byte address space 
depending on the operating mode. Fig. 19 shows a memory map 
for each operating mode. The first 32 locations of each map are 
for the MCU's internal register only, as shown in Table 5. 



Table 5 Internal Register Area 



Register 


Address 


Port 1 Data Direction Register"** 


00* 


Port 2 Data Direction Register**** 


01 


Port 1 Data Register 


02* 


Port 2 Data Register 


03 


Port 3 Data Direction Register**** 


04** 


Port 4 Data Direction Register **** 


05*** 


Port 3 Data Register 


OS** 


Port 4 Data Register 


07*** 


Timer Control and Status Register 


08 


Counter (High Byte) 


09 


Counter (Low Byte) 


0A 


Output Compare Register (High Byte) 


OB 


Output Compare Register (Low Byte) 


oc 


Input Capture Register (High Byte) 


0D 


Input Capture Register (Low Byte) 


OE 


Port 3 Control and Status Register 


OF** 


Rate and Mode Control Register 


to 


Transmit/Receive Control and Status Register 


11 


Receive Data Register 


12 


Transmit Data Register 


13 


RAM Control Register 


14 


Reserved 


15-1F 



* External address in Mode 1 
** External address in Modes 0, 1,2, 4, 6; cannot be 
accessed in Mode S 
*** External address in Modes 0, 1 , 2, 4 
»••• 1 = Output, - Input 
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Multiplexed Test mode 
$0000< 1 >rw 



$001 F 
$0080 

$OOFF 




$EOO0 



$FFFF<2> 




Internal Registers 
External Memory Space 

Internal RAM 



External Memory Space 



EPROM 



[NOTES] 

1 ) Excludes the following addresses which may be 
used externally: $04, $05, $06, $07 and $0F. 

2) Addresses $FFFE and $FFFF are considered 
external if ac cessed within 4 cycles after a positive 
edge of RES and internal at all other times. 

3) After 4 CPU cycles, there must be no overlapping 
of internal and external memory spaces to avoid 
driving the data bus with more than one device. 

4) This mode is the only mode which is used for 
testing. 



HD63P01M1 
Mode 



1 



Non-Multiplexed Partial Decode 
$0000 



$001 F 
$0080 
$00FF 




$FFFF 



Internal Registers 
External Memory Space 
Internal RAM 

External Memory Space 



[NOTE] 

Excludes the following addresses which may be 
used externally; $00, $02, $04, $05, $06, $07 
and $0F. 



(to be continued) 



Figure 19 HD63P01M1 Memory Maps 
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HD63P01M1 
Mode 



HD63P01M1 
Mode 4 



Multiplexed/RAM 



$0000 



$001 F ffffffffffnirA 



$0080 



$00FF 




Internal Registers 
External Memory Space 

Internal RAM 



External Memocy Space 



[NOTE] Excludes the following address which 
may be used externally; $04, $05, $06, 
$07, $0F. 



HD63P01M1 
Mode . 



Non-Multiplexed/Partial Decode 
$0000 i 



$001 f Kaaapaa' 

Unusable 
$0080 




$01 FF 



$EO00 



$FFFF 



Internal Reaistw? 



Internal RAM 



External Memory Space 




Internal Interrupt Vectors 



[NOTE] Excludes $04, $06, $0F. 

These address cannot be used 
externally. 



(to be continued) 



Figure 19 HD63P01M1 Memory Maps 



644 



HITACHI 



HD63P01M1,HD63PA01M1,HD63PB01M1 



HD63P01M1i 
Mode I 



Multiplexed/Partial Decode 
$0000 




$00FF 



$EOO0 



$FFFF 




Internal Registers 
External Memory Space 

Internal RAM 



External Memory Space 



EPROM 

Internal Interrupt Vectors 



[NOTE] 

Excludes the following address which may be 
used externally: $04, $06, $0F. 



HD63P01MV 
Mode 



Single Chip 



$0000 
$001 




Internal RAM 



$E000 



$FFFF 




EPROM 

Internal Interrupt Vectors 



Figure 19 HD63P01M1 Memory Maps 
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■ PROGRAMMABLE TIMER 

The HD63P01M1 contains 16-bit programmable timer which 
may be used to make measurement of input waveform. In 
addition to that it can generate an output waveform by itself. 
For both input and output waveform, the pulse width may vary 
from a few microseconds to several seconds. 
The timer hardware consists of 

• an 8-bit control and status register 

• a 16-bit free running counter 

• a 16-bit output compare register, and 

• a 16-bit input capture register 

A block diagram of the timer is shown in Figure 20. 



I $09 Writ* I $OA Writ* I 
"" (5A> T («) ^ 



c 



HO63P01M1 Internal Bus 



^^OB^ H ^^^^T 



:> 




l Output 

Lewi 
Bit 1 Bit 
Port 2 Port 2 



Figure 20 Programmable Timer Block Diagram 

* Free Running Counter ($0009: $000 A) 

The key element in the programmable timer is a 16-bit free 
running counter, that is driven by an E (Enable) clock to 
increment its values. The counter value will be read out by the 
CPU software at any time with no effects on the counter. 
Reset will clear the counter. 

When the MSB of this counter is read, the LSB is stored 
in temporary latch. The data is fetched from this latch by the 
subsequent read of LSB. Thus consistent double byte data can 
be read from the counter. 

When the CPU writes arbitrary data to the MSB ($09), the 
value of SFFF8 is being pre-set to the counter ($09, $0A) 
regardless of the write data value. Then the CPU writes arbi- 
trary data to the LSB ($0A), the data is set to the "Low" byte 
of the counter, at the same time, the data preceedingly written 
in the MSB ($09) is set to "High" byte of the counter. 

When the data is written to this counter, a double byte 
store instruction (ex. STD) must be used. If only the MSB of 
counter is written, the counter is set to $FFF8. 

The counter value written to the counter using the double 
byte store instruction is shown in Figure 21. 

To write to the counter may disturb serial operations, so it 
should be inhibited during using the SCI in internal clock mode. 




(5AF3 written to the counter) 
F igure 21 Counter Write Timing 

• Output Compare Register ($000B:$000C) 

This is a 16-bit read/write register which is used to control an 
output waveform. The contents of this register are constantly 
being compared with current value of the free running counter. 

When the contents match with the value of the free running 
counter, a flag (OCF) in the timer control/status register 
(TCSR) is set and the current value of an output level Bit 
(OLVL) in the TCSR is transferred to Port 2 bit 1. When bit 1 
of the Port 2 data direction register is "1" (output), the OLVL 
value will appear on the bit 1 of Port 2. Then, the value of Out- 
put Compare Register and Output level bit may be changed 
for the next compare. 

The output compare register is set to $FFFF during reset. 

The compare function is inhibited at the cycle of writing 
to the high byte of the output compare register and at the 
cycle just after that to ensure valid compare. It is also inhibited 
in same manner at writing to the free running counter. 

In order to write a data to Output Compare Register, a 
double byte store instruction (ex. STD) must be used. 

• Input Capture Register ($000D:$000E) 

The input capture register is a 16-bit read-only register used 
to hold the current value of free running counter when the 
proper transition of an external input signal occurs. 

The input transition change required to trigger the counter 
transfer is controlled by the input edge bit (IEDG). 

To allow the external input signal to go in the edge detect 
unit, the bit of the Data Direction Register corresponding to bit 
of Port 2 must have been cleared (to zero). 

To insure input capture in all cases, the width of an input 
pulse requires at least 2 Enable cycles. 

• Timer Control/Status Register (TCSR) ($0008) 

This is an 8-bit register. All 8 bits are readable and the lower 
5-bit may be written. The upper 3 bits are read-only, indicating 
the rimer status information as is shown below. 

(1) A proper transition has been detected on the input pin 
(ICF). 

(2) A match has been found between the value in the free 
running counter and the output compare register (OCF). 

(3) When counting up to $0000 (TOF). 

Each flag has an individual enable bit in TCSR which 
determines whether or not an interrupt request may 
occur (IRQ2). If the I-bit in Condition Code Register has 
been cleared, a priority vectored address occurs correspond- 
ing to each flag. A description of each bit is as follows. 

Timer Control / Status Register 



EOCI I ETOI IEOG I OLVll $0008 



Bit 



OLVL (Output Level); When a match is found in the 
value between the counter and the output com- 
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pare register, this bit is transferred to the Port 2 
bit 1. If the DDR corresponding to Port 2 bit 1 is 
set "1", the value will appear on the output pin of 
Port 2 bit 1. 

Bit 1 IEDG (Input Edge): This bit control which transition 
of an input of Port 2 bit will trigger the data 
transfer from the counter to the input capture 
register. The DDR corresponding to Port 2 bit 
must be cleared in advance of using this function. 
When IEDG = 0, trigger takes place on a negative 
edge ("High" to "Low" transition). When IEDG = 
1, trigger takes place on a positive edge ("Low" to 
"High" transition). 

Bit 2 ETOI (Enable Timer Overflow Interrupt); When set, 
this bit enables TOF interrupt to generate the 
interrupt request (IRQ2). When cleared, the inter- 
rupt is inhibited. 

Bit 3 EOCI (Enable Output Compare Interrupt); When set, 
this bit enables OCF interrupt to generate the 
interrupt request (IRQ2 ). When cleared, the inter- 
rupt is inhibited. 

Bit 4 EICI (Enable Input Capture Interrupt); When set, this 
bit enabl es ICF interrupt to generate the interrupt 
request (IRQ2). When cleared, the interrupt is 
inhibited. 

Bit 5 TOF (Timer Over Flow Flag); This read-only bit is set 
at the transition of SFFFF to $0000 of the 
counter. It is cleared by CPU read of TCSR (with 
TOF set) followed by an CPU read of the counter 
($0009). 

Bit 6 OCF (Output Compare Flag); This read-only bit is set 
when a match is found in the value between the 
output compare register and the counter. It is 
cleared by a read of TCSR (with OCF set) fol- 
lowed by an CPU write to the output compare 
register ($000B or $000C). 

Bit 7 ICF (Input Capture Flag); The read-only bit is set by a 

proper transition on the input, and is cleared by 

a read of TCSR (with ICF set) followed by an 

CPU read of Input Capture Register ($000D). 

Reset will clear each bit of Timer Control and Status 

Register. 

■ SERIAL COMMUNICATION INTERFACE 

The HD63P01M1 contains a full-duplex asynchronous Serial 
Communication Interface (SCI). SCI may select the several 
kinds of the data rate. It consists of a transmitter and a receiver 
which operate independently but with the same data format 
and the same data rate. Both the transmitter and receiver com- 
municate with the CPU via the data bus and with the outside 
world through Port 2 bit 2, 3 and 4. Description of hardware, 
software and register is as follows. 

• Wake-Up Feature 

In typical multiprocessor applications the software protocol 
will usually have the designated address at the initial byte of the 
message. The purpose of Wake-Up feature is to have the non- 
selected MCU neglect the remainder of the message. Thus 
the non-selected MCU can inhibit the all further interrupt 
process until the next message begins. 

Wake-Up feature is re-enabled by a ten consecutive "l"s 
which indicates an idle transmit line. Therefore software pro- 
tocol must put an idle period between the messages and must 
prevent it within the message. 



With this hardware feature, the non-selected MCU is re- 
enabled or ("waked-up") by the next message. 

• Programmable Options 

The HD63P01M1 has the following programmable features. 

• data format; standard mark/space (NRZ) 

• clock source ; external or internal 

• baud rate; one of 4 rates per given E clock frequency or 

1/8 of external clock 

• wake-up feature; enabled or disabled 

• interrupt requests; enabled or masked individually for 

transmitter and receiver 

• clock output; internal clock enabled or disabled to Port 

2 bit 2 
•Port 2 (bits 3, 4); dedicated or not dedicated to serial 
I/O individually 

• Serial Communication Hardware 

The serial communications hardware is controlled by 4 
registers as shown in Figure 22. The registers include: 

• an 8-bit control/status register 

• a 4-bit rate/mode control register (write-only) 

• an 8-bit read-only receive data register 

• an 8-bit write-only transmit data register 

Besides these 4 registers, Serial I/O utilizes Port 2 bit 3 
(input) and bit 4 (output). Port 2 bit 2 can be used when an 
option is selected for the internal-clock-out or the external- 
clock-in. 

• Transmit/Receive Control Status Register (TRCSR) 

TRCS Register consists of 8 bits which all may be read while 
only bits to 4 may be written. The register is initialized to $20 
on RES. The bits of the TRCS register are explained below. 

Transmit / Receive Control Status Register 



7 


6 


5 


4 


3 


2 


1 







RDRF 


ORFE 


TORE 


RIE 


RE 


TIE 


TE 


«VU 


AOOR 
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Bit WU (Wake Up); Set by software and cleared by hardware 
on receipt often consecutive "l"s. While this bit 
is "1", RDRF and ORFE flags are not set even 
if data are received or errors are detected. There- 
fore received data are ignored. It should be noted 
that RE flag must have already been set in advance 
ofWU flag's set. 

Bit 1 TE (Transmit Enable); This bit enables transmitter. When 
this bit is set, bit 4 of Port 2 DDR is also forced 
to be set. It remains set even if TE is cleared. 
Preamble of ten consecutive "l"s is transmitted 
just after this bit is set, and then transmitter 
becomes ready to send data. 
If this bit is cleared, the transmitter is disabled 
and serial I/O affects nothing on Port 2 bit 4. 

Bit 2 TIE (Transmit Interrupt Enable ); Wh en this bit is set, 
TDRE (bit 5) causes an IRQ2 interrupt. When 
cleared TDRE interrupt is masked. 

Bit 3 RE (Receive Enable); When set, Port 2 bit 3 can be used 
as an input of receive regardless of DDR value for 
this bit. When cleared, the receiver is disabled. 

Bit 4 RIE (Receive Interrupt Enable); When this bit is set, 
RDRF (bit 7) or ORFE (bit 6) cause an IKQ3 
interrupt. When cleared, this interrupt is masked. 
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Bit 5 TDRE (Transmit Data Register Empty); When the data 
is transferred from the Transmit Data Register 
to Output Shift Register, this bit is set by hard- 
ware. The bit is cleared by reading the status re- 
gister followed by writing the next new data into 
the Tra nsmi t Data Register. TDRE is initialized 
to 1 by RES". 

Bit 6 ORFE (Over Run Framing Error); When overrun or 
framing error occurs (receive only), this bit is set 
by hardware. Over Run Error occurs if the attempt 
is made to transfer the new byte to the receive 
data register while the RDRF is "1". Framing 
Error occurs when the bit counter is not synchro- 



nized with the boundary of the byte in the re- 
ceiving bit stream. When Framing Error is de- 
tected, RDRF is not set. Therefore Framing Error 
can be distinguished from Overrun Error. That is, 
if ORFE is "1" and RDRF is "1", Overrun Error 
is detected. Otherwise Framing Error occurs. 
The bit is cleared by reading the status register 
fol lowed by reading the receive data register, or 
by RES. 
Bit 7 RDRF (Receive Data Register Fu!!); This bit is set by 
hardware when the data is transferred from the 
receive shift register to the receive data register. 
It is cleared by reading the status register follo wed 
by reading the receive data register, or by RES. 



Bit 7 Rate and Mode Control Register Bit 





11 






CC1 


ceo 


SSI 


sso 


$10 






Transmit/ Receive Control and Status Register 








RDRF 


ORFE 


TDRE 


RIE 


RE 


TIE 


TE 


wu 


$11 






Receive Data Register 


» 




















Pom ? 






H (Not Addressable 


FU 
Bit 
3 




Receive Shift Register 






10 






u 
















Clock 
Bit 
2 






Bit Rate 
Generator 








1? 














1 


' 


Not Addressable 




Transmit Shift Register 


— I 


T« 
Bit 

4 






•ft 










■ 






















SI 3 



Transmit Data Register 
Figure 22 Serial I/O Register 
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6 


5 


4 


3 


2 


1 





X 


X 


X 


X 


CC1 


CCO 


SSI 


SSO 



ADDR $0010 



Transfer Rate / Mode Control Register 



Table 6 SCI Bit Times and Transfer Rates 





sso 


XTAL 


2.4576 MHz 


4.0 MHz 


4.9152MHz 


SSI 


E 


614.4 kHz 


1.0 MHz 


1 2288MHz 








E* 16 


26 ns/38,400 Baud 


16 fis/62.500 Baud 


13 Ms/76,800Baud 





1 


E* 128 


208jjs/4.800 Baud 


128 *js/78 12.5 Baud 


104.2ms/ 9,600Baud 


1 





E -r 1024 


1.67ms/600Baud 


1 .024ms/976.6 Baud 


833.3/us/ 1.200Baud 


1 


1 


E-4096 


6.67ms/150 Baud 


4.096ms/244.1 Baud 


3.333ms/ 300 Baud 



648 



HITACHI 



HD63P01 M1 ,HD63PA01 M1 ,HD63PB01 M1 



Table 7 SCI Format and Clock Source Control 



CC1 


ceo 


Format 


Clock Source 


Port 2 Bit 2 


Port 2 Bit 3 


Port 2 Bit 4 








- 


- 


- 


- 


- 





1 


NRZ 


iternal 


Not Used*** 


•• 


•• 


1 





NRZ 


Internal 


Output * 


•• 


•• 


1 


1 


NRZ 


External 


Input 


•• 


• • 



* Clock output is available regardless of values for bits RE and TE. 
** Bit 3 is used for serial input if RE = "1" in TRCS. 

Bit 4 is used for serial output if TE ■ "1 " in TRCS. 
*** This pin can be used as I/O port. 

• Transfer rate/Mode Control Register (RMCR) 

The register controls the following serial I/O functions: 
•Bauds rate -data format • clock source 

• Port 2 bit 2 feature 

It is 4-bit write-only register, cleared by RES. The 4 bits are 
considered as a pair of 2-bit fields. The lower 2 bits control the 
bit rate of internal clock while the upper 2 bits control the 
format and the clock select logic. 
BitOSSO] _ , c . . 
Bit 1 SSI ) S P eedSelect 
These bits select the Baud rate for the internal clock. The 
rates selectable are function of E clock frequency of the CPU. 
Table 6 lists the available Baud Rates. 

^ lt2 J ( JS° 1 1 Clock Control/Format Select 
Bit 3 CC 1 J 
They control the data format and the clock select logic. 
Table 7 defines the bit field. 

• Internally Generated Clock 

If the user wishes to use externally an internal clock of the 
serial I/O, the following requirements should be noted. 
•CC1, CCO must be set to "10". 

• The maximum clock rate must be E/16. 

• The clock rate is equal to the bit rate. 

• The values of RE and TE have no effect. 

• Externally Generated Clock 

If the user wish to supply an external clock to the Serial 
I/O, the following requirements should be noted. 
•The CC1, CCO must be set to "11" (See Table 7). 

• The external clock must be set to 8 times of the desired 
baud rate. 

• The maximum external clock frequency is E/2 clock. 

• Serial Operations 

The serial I/O hardware must be initialized by the software 
before operation. The sequence will be normally as follows. 

•Writing the desired operation control bits of the Rate and 
Mode Control Register. 

•Writing the desired operation control bits of the TRCS 
register. 

If Port 2 bit 3, 4 are used for serial I/O, TE, RE bits may be 
kept set. When TE, RE bit are cleared during SCI operation, 
and subsequently set again, it should be noted that TE, RE 
must be kept "0" for at least one bit time of the current baud 
rate. If TE, RE are set again within one bit time, there may be 
the case where the initializing of internal function for trans- 
mitter and receiver does not take place correctly. 

• Transmit Operation 

Data transmission is enabled by the TE bit in the TRCS 



register. When set, the output of the transmit shift register 
is connected with Port 2 bit 4 which is unconditionally con- 
figured as an output. 

After RES, the user should initialize both the RMC register 
and the TRCS register for desired operation. Setting the TE bit 
causes a transmission of ten-bit preamble of "l"s. Following the 
preamble, internal synchronization is established and the trans- 
mitter is ready to operate. Then either of the following states 
exists. 

(1) If the transmit data register is empty (TDRE = 1), the 
consecutive "l"s are transmitted indicating an idle 
states. 

(2) If the data has been loaded into the Transmit Data 
Register (TDRE = 0), it is transferred to the output 
shift register and data transmission begins. 

During the data transfer, the start bit ("0") is first trans- 
ferred. Next the 8-bit data (beginning at bit 0) and finally the 
stop bit ("1"). When the contents of the Transmit Data Register 
is transferred to the output shift register, the hardware sets the 
TDRE flag bit: If the CPU fails to respond to the flag within 
the proper time, TDRE is kept set and then a continuous string 
of l's is sent until the data is supplied to the data register. 

* Receive Operation 

The receive operation is enabled by the RE bit. The serial 
input is connected with Port 2 bit 3. The receiver operation 
is determined by the contents of the TRCS and RMC register. 
The received bit stream is synchronized by the first "0" (start 
bit). During 10-bit time, the data is strobed approximately at 
the center of each bit. If the tenth bit is not "1" (stop bit), 
the system assumes a framing error and the ORFE is set. 

If the tenth bit is "1 ", the data is transferred to the receive 
data register, and the RDRF flag is set. If the tenth bit of the 
next data is received and still RDRF is preserved set, then 
ORFE is set indicating that an overrun error has occurred. 

After the CPU read of the status register as a response to 
RDRF flag or ORFE flag, followed by the CPU read of the 
receive data register, RDRF or ORFE will be cleared. 

■ RAM CONTROL REGISTER 

The register assigned to the address $0014 gives a status 
information about standby RAM. 

RAM Control Register 
6 5 4 3 2^ 



STBY 


RAME 


X 


X 


X 


X 


X 


X 



BitO Not used. 
Bit 1 Not used. 
Bit 2 Not used. 
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Bit 3 Not uwd. 
Bit 4 Not iiMd. 
Bit 5 NotuMd. 
Bit 6 RAM Enable. 

Using this control bit, the user can disab le th e RAM. RAM 
Enable bit is set on the positive edge of RES and RAM is 
enabled. The program can write "1" or "0". If RAME is 
cleared, the RAM address becomes external address and the 
CPU may read the data from the outside memory. 
Bit 7 Standby Bit 

This bit can be read or written by the user program. It is 
cleared when the V cc voltage is removed. Normally this bit 
is set by the program before going into stand-by mode. When 
the CPU recovers from stand-by mode, this bit Should be 
checked. If it is "1", the data of the RAM is retained during 
stand-by and it is valid. 

■ GENERAL DESCRIPTION OF INSTRUCTION SET 

The HD63P01M1 has an upward object code compatible with 
the HD6801 to utilize all instruction sets of the HMCS6800. 
The execution time of the key instruction is reduced to increase 
the system through-put. In addition, the bit operation instruc- 
tion, the exchange instruction between the index and the 
accumulator, the sleep instruction are added. This section 
describes: 

•CPU programming model (See Fig. 23) 

• Addressing modes 

•Accumulator and memory manipulation instructions (See 
Table 8) 

• New instructions 

•Index register and stack manipulation instructions (See 

Table 9) 

•Jump and branch instructions (See Table 10) 
■Condition code register manipulation instructions (See 

Table 11) 

• Op-code map (See Table 1 2) 

• Cycle-by-Cycle Operation (See Table 13) 

• CPU Programming Model 

The programming model for the HD63P01M1 is shown in Fig- 
ure 23. The double accumulator is physically the same as the 
accumulator A concatenated with the accumulator B, so that 
the contents of A and B is changed with executing operation of 
an accumulator D. 



II 



8-Bit Accumulators A and B 

Or 16-Bit Double Accumulator D 



• CPU Addressing Modes 

The HD63P01M1 has seven address modes which depend on 
both of the instruction type and the code. The address mode for 
every instruction is shown along with execution time given in 
terms of machine cycles (Table 8 to 12). When the clock 
frequency is 4 MHz, the machine cycles will be microseconds. 
Accumulator (ACCX) Addressing 

Only the accumulator (A or B) is addressed. Either accumula- 
tor A or B is specified by one-byte instructions. 
Immediate Addressing 

In this mode, the operand is stored in the second byte of the 
instruction except that the operand in LDS and LDX, etc are 
stored in the second and the third byte. These are two or 
three-byte instructions. 
Direct Addressing 

In this mod?, the second byte of instruction indicates the 
address where the operand is stored. Direct addressing allows 
the user to directly address the lowest 2S6 Bytes in the machine 
locations zero through 255. Improved execution times are 
achieved by storing data in these locations. For system 
configuration, it is recommended that these locations should be 
RAM and be utilized preferably for user's data realm. These are 
two-byte instructions except the AIM, OIM, EIM and TIM 
which have three- byte. 
Extended Addressing 

In this mode, the second byte indicates the upper 8 bits 
addresses where the operand is stored, while the third byte 
indicates the lower 8 bits. This is an absolute address in 
memory. These are three-byte instructions. 
Indexed Addressing 

In this mode, the contents of the second byte is added to the 
lower 8 bits in the Index Register. For each of AIM, OIM, EIM 
and TIM instructions, the contents of the third byte are added 
to the lower 8 bits in the Index Register. In addition, the 
resulting "carry" is added to the upper 8 bits in the Index 
Register. The result is used for addressing memory. Because the 
modified address is held in the Temporary Address Register, 
there is no change to the Index Register. These are two-byte 
instructions but AIM, OIM, EIM, TIM have three-byte. 
Implied Addressing 

In this mode, the instruction itself gives the address; stack 
pointer, index register, etc. These are 1-byte instructions. 
Relative Addressing 

In this mode, the contents of the second byte is added to the 
lower 8 bits in the program counter. The resulting carry or 
borrow is added to the upper 8 bits. This helps the user to 
address the data within a range of -126 to +129 bytes of the 
current execution instruction. These are two-byte instructions. 



ol Index Register (XI 



Ol Stack Pointer (SP) 



01 Program Counter (PC) 



1 1 1 1 h| I In |z |v lc| Condition Code Register (CCR) 



1111 



- Carry/Borrow from MSB 

- Overflow 
-Zero 

- Negative 

- Interrupt 

■ Half Carry (From Bit 3) 



Figure 23 CPU Programming Model 



650 



HITACHI 



HD63P01M1,HD63PA01M1,HD63PB01M1 



Table 8 Accumulator, Memory Manipulation Instructions 



Operations 


Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic Operation 


Condition Code 
Register 


IMMED 


DIRECT 


INDEX 


EXTEND 


IMPLIED 


5 


4 


3 


2 


1 







OP 


~ 


# 


OP 


~ 


* 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


H 


1 


N 


Z 


V 


C 


Add 


ADDA 


8B 


2 


2 


98 


3 


2 


AB 


4 


2 


BB 


4 


3 








A + M- A 


7j 




J 


t 




t 




ADDB 


CB 


2 


2 


DB 


3 


2 


EB 


4 


2 


FB 


4 


3 








B + M-B 


71 




J 


t 




t 


Add Doable 


ADDD 


C3 


3 


3 


D3 


4 


2 


E3 


5 


2 


F3 


5 


3 








A : B + M: M + 1- A : 8 


• 




« 


t 




t 


Add Accumulators 


ABA 


























IB 


1 


1 


A + B- A 


_tj 




t 


t 




* 


Add With Carry 


ADCA 


89 


2 


2 


99 


3 


2 


A9 


4 


2 


B9 


4 


3 








A+M+C- A 


j 




i 


J 




J 




ADCB 


C9 


2 


2 


D9 


3 


2 


E9 


4 


2 


F9 


4 


3 








B + M + C-B 


j 




t 


t 




t 


AND 


ANDA 


84 


2 


2 


94 


3 


2 


A4 


4 


2 


B4 


4 


3 








A-M-A 






t 


t 


R 


• 




ANOB 


C4 


2 


2 


D4 


3 


2 


E4 


4 


2 


F4 


4 


3 








B-M-B 






t 


t 


R 


• 


Bit Test 


BIT A 


85 


2 


2 


95 


3 


2 


A5 


4 


2 


B5 


4 


3 








A-M 






1 


t 


R 


• 




BIT B 


C5 


2 


2 


D5 


3 


2 


E5 


4 


2 


F5 


4 


3 








B-M 






X 


J 


R 


• 


Clear 


CLR 














6F 


5 


2 


7F 


5 


3 








00-M 






R 


S 


R 


R 




CLRA 


























4F 


1 


1 


00- A 






R 


s 


R 


R 




CLRB 


























5F 


1 


1 


00-B 






R 


s 


R 


R 


Compare 


CMPA 


81 


2 


2 


91 


3 


2 


A1 


4 


2 


B1 


4 


3 








A-M 










» 


t 




CMPB 


CI 


2 


2 


D1 


3 


2 


El 


4 


2 


F1 


4 


3 








B-M 










t 


t 


Compare 
Accumulators 


CBA 


























11 


1 


1 


A-B 










t 


J 


Complement, 1's 


COM 














63 


6 


2 


73 


6 


3 








M-M 










R 


S 




COMA 


























43 


1 


1 


A -A 










R 


s 




COMB 


























53 


1 


1 


B -B 










R 


s 


Complement, 2's 


NEG 














60 


6 


2 


70 


6 


3 








00-M-M 










© 


® 


(Negate) 


NEGA 


























40 


1 


1 


00 - A - A 










(?) 


C» 




NEGB 


























50 


1 


1 


00- B-B 










ffi 


a 


Decimal Adjust. A 


DAA 


























19 


2 


1 


Converts binary add of BCD 
characters into BCD format 










t 


<s> 


Decrement 


DEC 














6A 


6 


2 


7A 


6 


3 








M-1 -M 










© 


» 




DECA 


























4A 


1 


1 


A -1 -»A 










© 


• 




OECB 


























5A 


1 


1 


B - 1 -B 










® 


• 


Exclusive OR 


EORA 


88 


2 


2 


98 


3 


2 


A8 


4 


2 


B8 


4 


3 








A© M- A 










R 


• 




EORB 


C8 


2 


2 


D8 


3 


2 


E8 


4 


2 


F8 


4 


3 








B ©M- B 










R 


• 


Increment 


INC 














6C 


6 


2 


7C 


6 


3 








M + 1 -M 










® 


• 




INCA 


























4C 


1 


1 


A + 1 - A 










® 


• 




INCB 


























5C 


1 


1 


B + 1- B 










® 


• 


Load 


LDAA 


86 


2 


2 


96 


3 


2 


A6 


4 


2 


B6 


4 


3 








M- A 










R 


• 


Accumulator 


LDAB 


C6 


2 


2 


D6 


3 


2 


E6 


4 


2 


F6 


4 


3 








M- B 










R 


• 


Load Double 
Accumulator 


LDD 


CC 


3 


3 


DC 


4 


2 


EC 


5 


2 


FC 


5 


3 








M + 1-B. M- A 










R 


• 


Multiply Unsigned 


MUL 


























30 


7 


1 


A x B - A . B 






• 


• 


• 


® 


OR, Inclusive 


ORAA 


8A 


2 


2 


9A 


3 


2 


AA 


4 


2 


BA 


4 


3 








A + M- A 










R 


• 




ORAB 


CA 


2 


2 


DA 


3 


2 


EA 


4 


2 


FA 


4 


3 








B + M- B 










R 


e 


Push Data 


PSHA 


























36 


4 


1 


A - Msp, SP - 1 - SP 






• 


• 


• 


• 




PSHB 


























37 


4 


1 


B - Msp, SP - 1 - SP 






• 


• 


• 


e 


Pull Data 


PULA 


























32 


3 


1 


SP + 1-SP, Msp- A 






• 


• 


• 


• 




PULB 


























33 


3 


1 


SP + 1-SP.Msp-B 






• 


• 


• 


• 


Rotate Left 


ROL 














69 


6 


2 


79 


6 


3 


















CD 


t 




ROLA 


























49 


1 


1 


AJkMIlJJJ-LLP 










® 


t 




ROLB 


























59 


1 


1 












® 


t 


Rotate Right 


ROR 














66 


6 


2 


76 


6 


3 


















® 


t 








RORA 


























46 


1 


1 


a H H J l 1 1 II l H 










® 






B j e 1» U 






RORB 


























56 


1 


1 










<8> 


t 



Note) Condition Code Register will be explained in Note of Table 1 1 . 



(to be continued) 
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Table 8 Accumulator, Memory Manipulation Instructions 





Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic Operation 


Condition Code 
Register 


Operations 


IMMED 


DIRECT 


INDEX 


EXTEND 


IMPLIED 


5 


4 


3 


2 


1 







OP 


- 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


H 


1 


N 


Z 


V 


C 


Shift Left 


ASL 














68 


6 


2 


78 


6 


3 








M, .. 








» 


© 


* 




ASLA 


























48 


1 


1 


A W-W 11 II II 1 1-0 








» 


® 


t 




ASLB 


























58 


1 


1 








1 © 


t 


Double Shift 
Left, Arithmetic 


ASLD 


























05 


1 


1 


•• 








t ® 




r W ACC A/ ACC B U-o 

C A7 AO B7 80 


t 


Shift Right 


ASR 














67 


6 


2 


77 


6 


3 








M l r« * 








t ® 


t 


Arithmetic 


ASRA 


























47 


1 


1 


;| ^ ■ " 1 1 w 








t ® 


t 




ASRB 


























57 


1 


1 








< © 


t 


Shift Right 


LSR 














64 


6 


2 


74 


6 


3 








M, ► 






R 


t 


® 


t 


Logical 


LSRA 


























44 


1 


1 


A 4 1 1 1 1 1 1 1 l-TI 






R 




© 


t 




LSRB 


























54 


1 


1 






R 




® 


t 




LSRD 


























04 


1 


1 








R 




© 




Oouble Shift 
Right Logical 


0-W ACC A/ ACC a n | 
A? AO 87 80 tT 


t 


Store 


STAA 








97 


3 


2 


A7 


4 


2 


B7 


4 


3 








A-M 










R 


• 


Accumulator 


STAB 








D7 


3 


2 


E7 


4 


2 


F7 


4 


3 








B ->M 










R 


• 


Store Double 
Accumulator 


STD 








00 


.4 


2 


EO 


5 


2 


FD 


5 


3 








A-M 
B -. M + 1 










R 


• 


Subtract 


SUBA 


80 


2 


2 


90 


3 


2 


AO 


4 


2 


BO 


4 


3 








A-M -A 
















SUBB 


CO 


2 


2 


DO 


3 


2 


EO 


4 


2 


FO 


4 


3 








B -M-B 














Double Subtract 


SUBD 


83 


3 


3 


93 


4 


2 


A3 


5 


2 


B3 


5 


3 








A : B-M :M+1- A: B 














Subtract 
Accumulators 


SBA 


























10 


1 


1 


A-B- A 














Subtract 


SBCA 


82 


2 


2 


92 


3 


2 


A2 


4 


2 


B2 


4 


3 








A-M-C- A 














With Carry 


SBCB 


C2 


2 


2 


02 


3 


2 


E2 


4 


2 


F2 


4 


3 








B -M-C-B 














Transfer 


TAB 


























16 


1 


1 


A-.B 










R 


• 


Accumulators 


TBA 


























17 


1 


1 


B-. A 










R 


• 


Test Zero or 


TST 














6D 


4 


2 


7D 


4 


3 








M-00 










R 


R 


Minus 


TSTA 


























4D 


1 


1 


A-00 










R 


R 




TSTB 


























5D 


1 


1 


B -00 










R 


R 


And Immediate 


AIM 








71 


6 


3 


61 


7 


3 














MIMM-M 










R 


• 


OR Immediate 


OIM 








72 


6 


3 


62 


7 


3 














M+IMM-M 










R 


• 


EOR Immediate 


EIM 








75 


6 


3 


65 


7 


3 














M©IMM-M 










R 


• 


Test Immediate 


TIM 








7B 


4 


3 


6B 


5 


3 














M-IMM 










R 


• 



Note) Condition Code Register will be explained in Note of Table 1 1 . 



• New Instructions 

In addition to the HD6801 Instruction Set, the HD63P01M1 
has the following new instructions: 
AIM- (M)-(IMM)-»(M) 

Evaluates the AND of the immediate data and the 
memory, places the result in the memory. 
— (M) + (IMM)-»(M) 

Evaluates the OR of the immediate data and the 
memory, places the result in the memory. 
--(M)©(IMM)->(M) 
Evaluates the EOR of the immediate data and the 
contents of memory, places the result in memory. 



OIM- 



EIM- 



TIM-— (M)-(IMM) 

Evaluates the AND of the immediate data and the 

memory, changes the flag of associated condition code 

register 
Each instruction has three bytes; the first is op-code, the 
second is immediate data, the third is address modifier. 
XGDX--(ACCD)~(IX) 

Exchanges the contents of accumulator and the index 

register. 
SLP The MPU is brought to the sleep mode. For sleep 

mode, see the "sleep mode" section. 
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Table 9 Index Register, Stack Manipulation Instructions 





Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic Operation 


Condition Code 
Register 


Pointer Operations 


IMMEO. 


DIRECT 


INDEX 


EXTEND 


IMPLIED 


5 


4 


3 


2 


1 







OP 


- 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


H 


1 


N 


Z 


V 


C 


Compare Index Reg 


CPX 


8C 


3 


3 


9C 


4 


2 


AC 


S 


2 


BC 


5 


3 








X-M:M + 1 






t 


t 


: 


t 


Decrement Index Reg 


DEX 


























09 


1 


1 


X-1-X 






• 


t 


• 




Decrement Stack Pntr 


DES 


























34 


1 


1 


SP - 1 - SP 














Increment Index Reg 


INX 


























08 


1 


1 


X + 1-X 






• 


J 


• 




Increment Stack Pntr 


INS 


























31 


1 


1 


SP + 1 - SP 














Load Index Reg 


LOX 


CE 


3 


3 


DE 


4 


2 


EE 


5 


2 


FE 


S 


3 








M- X H .(M + D- X L 






® 


t 


R 




Load Stack Pntr 


LDS 


8E 


3 


3 


9E 


4 


2 


AE 


5 


2 


BE 


5 


3 








M-SP H . (M + 1)-SP L 






® 


t 


R 




Store Index Reg 


STX 








DF 


4 


2 


EF 


5 


2 


FF 


5 


3 








X H -«M,X L -(M + 1) 






® 


t 


R 




Store Stack Pntr 


STS 








9F 


4 


2 


AF 


5 


2 


BF 


5 


3 








SP H -M,SP L -(M + 1) 






® 


J 


R 




Index Reg -» Stack Pntr 


TXS 


























35 


1 


1 


X-1-SP 














Stack Pntr -• Index Reg 


TSX 


























30 


1 


1 


SP + 1 - X 














Add 


ABX 


























3A 


1 


1 


B + X-r X 














Push Data 


PSHX 


























3C 


5 


1 


X L -.M,p.SP-1->SP 
X H -M,p.SP-1-SP 














Pull Data 


PULX 


























38 


4 


1 


SP + 1 - SP. M w - X H 
SP + 1 - SP. M,p - X L 














Exchange 


XGDX 


























18 


2 


1 


ACCD«IX 















Note) Condition Code Register will be explained in Note of Table 11. 



Table 10 Jump, Branch Instruction 





Mnemonic 


Addressing Modes 


Branch Test 


Condition Code 
Register 


Operations 


RELATIVE 


DIRECT 


INDEX 


EXTEND 


IMPLIED 


5 


4 


3 


2 


i 







OP 


~ 


# 


OP 


- 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


H 


1 


N 


Z 


V 


c 


Branch Always 


BRA 


20 


3 


2 


























None 














Branch Never 


BRN 


21 


3 


2 


























None 














Branch If Carry Clear 


BCC 


24 


3 


2 


























C = 














Branch If Carry Set 


BCS 


25 


3 


2 


























C- 1 














Branch If - Zero 


BEQ 


27 


3 


2 


























Z- 1 














Branch If > Zero 


BGE 


2C 


3 


2 


























N© V-0 














Branch If > Zero 


BGT 


2E 


3 


2 


























Z + IN© V)-0 














Branch If Higher 


BHI 


22 


3 


2 


























C + Z-0 














Branch If < Zero 


BLE 


2F 


3 


2 


























Z + (N© V)- 1 














Branch If Lower Or 
Same 


BLS 


23 


3 


2 


























C + Z- 1 














Branch If < Zero 


BLT 


2D 


3 


2 


























N ® V* 1 














Branch If Minus 


BMI 


2B 


3 


2 


























N- 1 














Branch If Not Equal 
Zero 


BNE 


26 


3 


2 


























Z-0 














Branch If Overflow 
Clear 


BVC 


28 


3 


2 


























V-0 














Branch If Overflow Set 


BVS 


29 


3 


2 


























V-1 














Branch If Plus 


BPL 


2A 


3 


2 


























N-0 














Branch To Subroutine 


BSR 


8D 


5 


2 








































Jump 


JMP 














6E 


3 


2 


7E 


3 


3 




















Jump To Subroutine 


JSR 








9D 


5 


2 


AD 


5 


2 


BD 


6 


3 




















No Operation 


NOP 


























01 


1 


1 


Advances Prog. Cntr. 
Only 














Return From Interrupt 


RTI 


























3B 


10 


1 






s> — 




Return From 
Subroutine 


RTS 


























39 


5 


1 




• 










Software Interrupt 


SWI 


























3F 


12 


1 




S 










Wait for Interrupt* 


WAI 


























3E 


9 


1 




® 










Sleep 


SLP 


























1A 


4 


1 






• 











Note) * WAI puts R ' w n '9 h; Address Bus goes to FFFF; Data Bus goes to the three : 
Condition Code Register will be explained in Note of Table 1 1 . 
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Table 1 1 Condition Code Register Manipulation Instructions 





Mnemonic 


AddressingModes 


Boolean Operation 


Condition Code Register 


Operations 


IMPLIED 


5 




3 


2 


1 







OP 


~ 


# 


H 




N 


Z 


V 


c 


Clrar Carry 


CLC 


OC 


1 


1 


0-C 










• 


R 


Claar Inttrrupt Mask 


CLI 


OE 


1 


1 


0- 1 










• 


• 


Char Ovarflow 


CLV 


OA 


1 


1 


0-V 










R 


• 


Sat Carry 


SEC 


00 


1 


1 


1 -C 










• 


s 


Sat Intarrupt Mask 


SEI 


OF 


1 


1 


1 - 1 










• 


• 


Sat Ovarflow 


SEV 


OB 


1 


1 


1 ->V 










S 


• 


Accumulator A ~» CCR 


TAP 


06 


1 


1 


A- CCR 






CCR -» Accumulator A 


TPA 


07 


1 


1 


CCR- A 


•1. I- 1. I- I- 



[NOTE 1} Condition Code Register Notes: (Bit set if test is true and cleared otherwise) 



© 



® 



® 



(Bit V) 
(BitC) 
(Bit C) 
(Bit V) 
(Bit V) 
(Bit V) 
(Bit N) 
(All Bit) 
(Bit I) 



Test: Result = 10000000? 

Test: Result », 00000000? 

Test: BCD Character of high-order byte greater than 9 ? (Not cleared if previously set) 

Test: Operand = 10000000 prior to execution? 

Test: Operand = 01 111111 prior to execution? 

Test: Set equal to N»C=1 after the execution of instructions 

Test: Result less than zero? (Bit 15=1) 

Load Condition Code Register from Stack. 

Set when interrupt occurs. If previously set, a Non-Maskable Interrupt is required to exit the wait 

state. 
(All Bit) Set according to the contents of Accumulator A. 
(Bit C) Result of Multiplication Bit 7= 1 of ACCB? 

[NOTE 2] CLI instructions and interrupt. 

If interrupt mask-bit is set (1="1") and interrupt is requested (IRQi = "0" or IRQ 2 = "0"), . 
and then CLI instruction is executed, the CPU responds as follows. 

1 the next instruction of CLI is one-machine cycle instruction. 
Subsequent two instructions are executed before the interrupt is responded. 
That is, the next and the next of the next instruction are executed. 

2 the next instruction of CLI is two-machine cycle (or more) instruction. 

Only the next instruction is executed and then the CPU jump to the interrupt routine. 
Even if TAP instruction is used, instead of CLI, the same thing occurs. 



Table 12 OP-Code Map 



OP 






ACC 
A 


ACC 
B 


IND 


EXJ/" 

/DIR* 


ACCA or SP 


ACCB or X 




CODE 


IMM 


DIR 


IND 


EXT 


IMM 


DIR 


IND 


EXT 




\HI 
LC "\ 


0000 


0001 


0010 


Mil 


0100 


0101 


0110 


01 1 1 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


mi 







1 


2 


3 


4 


5 


6 


7 




• 


A 


B 


C 


O 


E 


F 




0000 





l^"-" 


SBA 


BRA 


TSX 


NEG 


SUB 





000 1 


1 


^NOP 


CBA 


BRN 


INS 




AIM 


CMP 


1 


0010 


2 






BHI 


PULA 




OIM 


SBC 


2 


0011 


3 






BLS 


PULB 


COM 




SUBD 


1 


ADDD 




3 


0100 


4 


LSRO 




BCC 


OES 


LSR 


AND 


4 


0101 


s 


ASLO 




BCS 


TXS 


^— -— ' 1 EIM 


BIT 


5 


0110 


6 


TAP 


TAB 


BNE 


PSHA 


ROR 


LDA 


6 


0111 


7 


TPA 


TBA 


BEQ 


PSHB 


ASR 




STA 


U^ 


STA 




7 


1000 


8 


INX 


XGDX 


BVC 


PULX 


ASL 


EOR 


8 


1001 


9 


DEX 


DAA 


BVS 


RTS 


ROL 


ADC 


9 


1010 


A 


CLV 


SLP 


BPL 


ABX 


DEC 


QRA 


A 


ton 


B 


SEV 


ABA 


BMI 


RTI 


^^—~"~~ | TIM 


ADD 


B 


1100 


c 


CLC 




BGE 


PSHX 


INC 


CPX 


LDD 


C 


1101 


D 


SEC 




BLT 


MUL 


TST 


BSR 


JSR 




^^\ STD 


D 


1110 


E 


CLI 




BGT 


WAI 


^^\^^\ JMP 


LDS 


LDX 


E 


lilt 


F 


SEI 




BLE 


SWI 


CLR 




STS 




STX 


F 









1 


2 


3 


4 


5 6 | 7 


8 


• 1 * 


B 


C 


D | E 


' 





UNDEFINED OP CODE 

* Only for instructions of AIM, OIM, EIM, TIM 
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• Instruction Execution Cycles 

In the HMCS6800 series, the execution cycle of each in- 
struction is the number of cycles between the start of the current 
instruction fetch and just before the start of the subsequent 
instruction fetch. 

The HD63P01M1 uses a mechanism of the pipeline con- 
trol for the instruction fetch and the subsequent instruction 
fetch is performed during the current instruction being exe- 



cuted. 

Therefore, the method to count instruction cycles used in 
the HMCS6800 series cannot be applied to the instruction cy- 
cles such as MULT, PULL, DAA and XGDX in the HD63P01M1 . 

Table 13 provides the information about the relationship 
among each data on the Address Bus, Data Bus, and R/W status 
in cycle-by-cycle basis during the execution of each instruction. 



Table 13 Cycle-by -Cycle Operation 



Address Mode & 
Instructions 



Cycles 



Cycle 



Address Bus 



R/W 



Data Bus 



IMMEDIATE 



ADC ADD 
AND BIT 
CMP EOR 
LDA ORA 
SBC SUB 


2 


1 
2 


Op Code Address +1 
Op Code Address+2 


1 
1 


Operand Data 
Next Op Code 


ADDD CPX 
LDD LDS 
LDX SUBD 


3 


1 
2 
3 


Op Code Address +1 
Op Code Address+2 
Op Code Address +3 


1 
1 
1 


Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 



DIRECT 



ADC 


ADD 




1 


Op Code Address+1 


1 


Address of Operand (LSB) 


AND 


BIT 




2 


Address of Operand 


1 


Operand Data 


CMP 


EOR 


3 


3 


Op Code Address+2 


1 


Next Op Code 


LDA 


ORA 












SBC 


SUB 












STA 






1 


Op Code Address+1 


1 


Destination Address 






3 


2 
3 


Destination Address 
Op Code Address+2 



1 


Accumulator Data 
Next Op Code 


ADDD 


CPX 




1 


Op Code Address+1 


1 


Address of Operand (LSB) 


LDD 


LDS 


4 


2 


Address of Operand 


1 


Operand Data (MSB) 


LDX 


SUBD 


3 


Address of Operand + 1 


1 


Operand Data (LSB) 








4 


Op Code Address+2 


1 


Next Op Code 


STD 


STS 




1 


Op Code Address+1 


1 


Destination Address (LSB) 


STX 




4 


2 


Destination Address 





Register Data (MSB) 






3 


Destination Address+1 





Register Data (LSB) 








4 


Op Code Address+2 


1 


Next Op Code 


JSR 






1 
2 


Op Code Address+1 
FFFF 


1 
1 


Jump Address (LSB) 
Restart Address (LSB) 






5 


3 


Stack Pointer 





Return Address (LSB) 








4 


Stack Pointer— 1 





Return Address (MSB) 








5 


Jump Address 


1 


First Subroutine Op Code 


TIM 






1 


Op Code Address+1 


1 


Immediate Data 






4 


2 


Op Code Address+2 


1 


Address of Operand (LSB) 






3 


Address of Operand 


1 


Operand Data 








4 


Op Code Address +3 


1 


Next Op Code 


AIM 


EIM 




1 


Op Code Address+1 


1 


Immediate Data 


OIM 






2 


Op Code Address+2 


1 


Address of Operand (LSB) 






6 


3 


Address of Operand 


1 


Operand Data 






4 


FFFF 


1 


Restart Address (LSB) 








5 


Address of Operand 





New Operand Data 








6 


Op Code Address+3 


1 


Next Op Code 
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Table 13 Cycle-by-Cycle Operation (Continued) 



Address Mode & 
Instructions 



Cycles 



Cycle 



Address Bus 



R/W 



Data Bus 



INDEXED 



JMP 


3 


1 
2 
3 


Op Code Address + 1 

FFFF 

Jump Address 




Offset 

Restart Address (LSB) 

First Op Code of Jump Routine 


ADC ADD 
AND BIT 
CMP EOR 
LDA ORA 
SBC SUB 
TST 


4 


1 
2 
3 
4 


Op Code Address +1 

FFFF 

IX + Offset 

Op Code Address+2 




Offset 

Restart Address (LSB) 
Operand Data 
Next Op Code 


STA 


4 


1 
2 
3 
4 


Op Code Address +1 

FFFF 

IX + Offset 

Op Code Address+2 





Offset 

Restart Address (LSB) 
Accumulator Data 
Next Op Code 


ADDD 

CPX LDD 
LDS LDX 
SUBD 


5 


1 
2 
3 
4 
5 


Op Code Address+1 

FFFF 

IX + Offset 

IX + Offset +1 

Op Code Address+2 




Offset 

Restart Address (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 


STD STS 
STX 


5 


1 
2 
3 
4 
5 


Op Code Address+1 

FFFF 

IX + Offset 

IX + Offset +1 

Op Code Address+2 






Offset 

Restart Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 
Next Op Code 


JSR 


5 


1 
2 
3 
4 
5 


Op Code Address+ 1 

FFFF 

Stack Pointer 

Stack Pointer— 1 

IX + Offset 






Offset 

Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 


ASL ASR 
COM DEC 
INC LSR 
NEG ROL 
ROR 


6 


1 
2 
3 
4 
5 
6 


Op Code Address+1 

FFFF 

IX + Offset 

FFFF 

IX + Offset 

Op Code Address + 1 





Offset 

Restart Address (LSB) 
Operand Data 
Restart Address (LSB) 
New Operand Data 
Next Op Code 


TIM 


5 


1 
2 
3 
4 
5 


Op Code Address+ 1 

Op Code Address+2 

FFFF 

IX + Offset 

Op Code Address +3 




Immediate Data 

Offset 

Restart Address (LSB) 

Operand Data 

Next Op Code 


CLR 


5 


1 
2 
3 
4 
5 


Op Code Address+1 

FFFF 

IX + Offset 

IX + Offset 

Op Code Address+2 





Offset 

Restart Address (LSB) 

Operand Data 

00 

Next Op Code 


AIM EIM 
OIM 


7 


1 
2 
3 
4 
5 
6 
7 


Op Code Address+1 

Op Code Address+2 

FFFF 

IX+Offset 

FFFF 

IX+Offset 

Op Code Address +3 




1 


Immediate Data 

Offset 

Restart Address (LSB) 

Operand Data 

Restart Address (LSB) 

New Operand Data 

Next Op Code 
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Table 13 Cycle-by-Cycle Operation (Continued) 



Address Mode & 
Instructions 



Cycles 



Cycle 



Address Bus 



R/W 



Data Bus 



EXTEND 



JMP 


3 


1 
2 
3 


Op Code Address+1 
Op Code Address+2 
Jump Address 




Jump Address (MSB) 
Jump Address (LSB) 
Next Op Code 


ADC ADD TST 
AND BIT 
CMP EOR 
LDA ORA 
SBC SUB 


4 


1 
2 
3 
4 


Op Code Address+1 
Op Code Address+2 
Address of Operand 
Op Code Address+3 




Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 
Next Op Code 


STA 


4 


1 
2 
3 
4 


Op Code Address+1 
Op Code Address+2 
Destination Address 
Op Code Address+3 





Destination Address (MSB) 
Destination Address (LSB) 
Accumulator Data 
Next Op Code 


ADDD 

CPX LDD 
LDS LDX 
SUBD 


5 


1 
2 
3 
4 
5 


Op Code Address+1 
Op Code Address+2 
Address of Operand 
Address of Operand + 1 
Op Code Address+3 




Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 


STD STS 
STX 


5 


1 
2 
3 
4 
5 


Op Code Address+1 
Op Code Address+2 
Destination Address 
Destination Address+1 
Op Code Address + 3 






Destination Address (MSB) 
Destination Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 
Next Op Code 


JSR 


6 


1 
2 
3 
4 
5 
6 


Op Code Address+1 

Op Code Address+2 

FFFF 

Stack Pointer 

Stack Pointer— 1 

Jump Address 






Jump Address (MSB) 
Jump Address (LSB) 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 


ASL ASR 
COM DEC 
INC LSR 
NEG ROL 
ROR 


6 


1 
2 
3 
4 
5 
6 


Op Code Address+1 

Op Code Address+2 

Address of Operand 

FFFF 

Address of Operand 

Op Code Address+3 





Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 
Restart Address (LSB) 
New Operand Data 
Next Op Code 


CLR 


5 


1 
2 
3 
4 
5 


Op Code Address+1 
Op Code Address+2 
Address of Operand 
Address of Operand 
Op Code Address+3 




1 


Address of Operand (MSB) 

Address of Operand (LSB) 

Operand Data 

00 

Next Op Code 
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Table 13 Cycle-by-Cycle Operation (Continued) 



Address Mode & 
Instructions 



Cycles 



Cycle 



Address Bus 



R/W 



Data Bus 



IMPLIED 



ABA ABX 
ASL ASLD 
ASR CBA 
CLC CLI 
CLR CLV 
COM DEC 
DES DEX 
INC INS 
INX LSR 
LSRD ROL 
ROR NOP 
SBA SEC 
SEI SEV 
TAB TAP 
TBA TPA 
TST TSX 
TXS 


1 


1 


Op Code Address+1 


1 


Next Op Code 


DAA XGDX 


2 


1 
2 


Op Code Address+1 
FFFF 




Next Op Code 
Restart Address (LSB) 


PULA PULB 


3 


1 
2 
3 


Op Code Address+1 

FFFF 

Stack Pointer +1 




Next Op Code 
Restart Address (LSB) 
Data from Stack 


PSHA PSHB 


4 


1 
2 
3 
4 


Op Code Address+1 

FFFF 

Stack Pointer 

Op Code Address+1 





Next Op Code 
Restart Address (LSB) 
Accumulator Data 
Next Op Code 


PULX 


4 


1 
2 
3 
4 


Op Code Address + 1 

FFFF 

Stack Pointer +1 

Stack Pointer +2 




Next Op Code 
Restart Address (LSB) 
Data from Stack (MSB) 
Data from Stack (LSB) 


PSHX 


5 


1 
2 
3 
4 
5 


Op Code Address+1 

FFFF 

Stack Pointer 

Stack Pointer— 1 

Op Code Address+1 






Next Op Code 
Restart Address (LSB) 
Index Register (LSB) 
Index Register (MSB) 
Next Op Code 


RTS 


5 


1 
2 
3 
4 
5 


Op Code Address + 1 

FFFF 

Stack Pointer +1 

Stack Pointer +2 

Return Address 




Next Op Code 
Restart Address (LSB) 
Return Address (MSB) 
Return Address (LSB) 
First Op Code of Return Routine 


MUL 


7 


1 
2 
3 
4 
5 
6 
7 


Op Code Address+1 

FFFF 

FFFF 

FFFF 

FFFF 

FFFF 

FFFF 




Next Op Code 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
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Table 1 3 Cycle-by -Cycle Operation | (Continued) 



Address Mode & 
Instructions 



Cycles 



Cycle 



Address Bus 



R/W 



Data Bus 



IMPLIED 



WAI 




1 


Op Code Address+1 


1 


Next Op Code 






2 


FFFF 


1 


Restart Address (LSB) 






3 


Stack Pointer 





Return Address (LSB) 






4 


Stack Pointer — 1 





Return Address (MSB) 




9 


5 


Stack Pointer -2 





Index Register (LSB) 






6 


Stack Pointer -3 





Index Register (MSB) 






7 


Stack Pointer -4 





Accumulator. A 






8 


Stack Pointer — 5 





Accumulator B 






9 


Stack Pointer -6 





Conditional Code Register 


RTI 




1 


Op Code Address+1 




Next Op Code 






2 


FFFF 




Restart Address (LSB) 






3 


Stack Pointer +1 




Conditional Code Register 






4 


Stack Pointer +2 




Accumulator B 




10 


5 


Stack Pointer + 3 




Accumulator A 




6 


Stack Pointer + 4 




Index Register (MSB) 






7 


Stack Pointer +5 




Index Register (LSB) 






8 


Stack Pointer + 6 




Return Address (MSB) 






9 


Stack Pointer + 7 




Return Address (LSB) 






10 


Return Address 




First Op Code of Return Routine 


SWI 




1 


Op Code Address + 1 




Next Op Code 






2 


FFFF 




Restart Address (LSB) 






3 


Stack Pointer 





Return Address (LSB) 






4 


Stack Pointer - 1 





Return Address (MSB) 






5 


Stack Pointer - 2 





Index Register (LSB) 




12 


6 


Stack Pointer - 3 





Index Register (MSB) 




7 


Stack Pointer — 4 





Accumulator A 






8 


Stack Pointer - 5 





Accumulator B 






9 


Stack Pointer - 6 





Conditional Code Register 






10 


Vector Address FFFA 




Address of SWI Routine (MSB) 






11 


Vector Address FFFB 




Address of SWI Routine (LSB) 






12 


Address of SWI Routine 




First Op Code of SWI Routine 


SLP 




1 


Op Code Address+1 




Next Op Code 






2 


FFFF 




Restart Address (LSB) 






Sleep 
3 


FFFF 




High Impedance-Non MPX Mode 




4 






Address Bus -MPX Mode 

I 






FFFF 




I 
Restart Address (LSB) 






4 


Op Code Address+1 




Next Op Code 
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Table 13 Cycle-by -Cycle Operation (Continued) 



Address Mode & 
Instructions 



Cycles 



Cycle 



Address Bus 



R/W 



Data Bus 



RELATIVE 



BCC 


BCS 




1 


Op Code Address+1 


1 


Branch Offset 


BEQ 


BGE 


3 


2 


FFFF 


1 


Restart Address (LSB) 


BGT 


BHI 




3 


| Branch Address Test="1" 


1 


First Op Code of Branch Routine 


BLE 


BLS 




( Op Code Address+ 1 •Test="0" 


Next Op Code 


BLT 


BMT 












BNE 


BPL 












BRA 


BRN 












BVC 


BVS 












BSR 






1 


Op Code Address+1 


1 


Offset 








2 


FFFF 


1 


Restart Address (LSB) 






5 


3 


Stack Pointer 





Return Address (LSB) 








4 


Stack Pointer— 1 





Return Address (MSB) 








5 


Branch Address 


1 


First Op Code of Subroutine 



■ LOW POWER CONSUMPTION MODE 

The HD63P01M1 has two low power consumption modes; 
sleep and standby mode. 

• Sleep Mode 

On execution of SUP instruction, the MCU is brought to the 

sleep mode. In the sleep mode, the CPU sleeps (the CPU clock 
becomes inactive), but the contents of the registers in the CPU 
are retained. In this mode, the peripherals of CPU will remain 
active. So the operations such as transmit and receive of the 
SCI data and counter may keep in operation. In this mode, 
the power consumption is reduced to about 1/6 the value of 
a normal operation. 

The esca pe f rom this mode can be done by interrupt, RES, 
STBY. The RES resets the MCU and the STBY brings it into the 
standby mode (This will be mentioned later). When interrupt is 
requested to the CPU and accepted, the sleep mode is released, 
then the CPU is brought in the operation mode and jumps to 
the interrupt routine. When the CPU has masked the interrupt 
after recovering from the sleep mode, the next instruction of 
SLP starts to execute. However, in such a case that the timer 
interrupt is inhibited on the timer side, the sleep mode cannot 
be released due to the absence of the interrupt request to the 




'""I 



CPU. 

This sleep mode is available to reduce an average power 

consumption in the applications of the HD63P01M1 which may 
not be always running. 

• Standby Mode 

Bringing STBY "Low", the CPU becomes reset and all 
clocks of the HD63P01M1 become inactive. It goes into the 
standby mode. This mode remarkably reduces the power con- 
sumptions of the HD63P0 1 M 1 . 

In the standby mode, if the HD63P01M1 is continuously 
supplied with power, the contents of RAM is retained. The 
standby mode should escape by the reset start. The following 
is the typical application of this mode. 

First, NM! routine stacks the MCU's internal information and 
the contents of SP in RAM, disables RAME bit of RAM control 
register, sets the Standby bit, and then goes into the standby 
mode. If the Standby bit keeps set on reset start, it means 
that the power has been kept during standby mode and the 
contents of RAM is normally guaranteed. The system recovery 
may be possible by returning SP and bringing into the condition 
before the standby mode has started. The timing relation for 
each line in this application is shown in Figure 24. 



-4j 1 



r 



o Stack registers 

o RAM control 
register set 



Oscillator, 
starting 

time I 9 

restart 



Figure 24 Standby Mode Timing 
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■ ERROR PROCESSING 

When the HD63P01M1 fetches an undefined instruction or 
fetches an instruction from unusable memory area, it generates 
the highest priority internal interrupt, that may protect from 
system upset due to noise or a program error. 

• Op-Cod* Error 

Fetching an undefined op-code, the HD63P01M1 w iH stack the 
CPU register as in the case of a normal interrupt and vector to 
theTRAP (SFFEE, SFFEF), that has a second highest priority 
(RES is the highest). 

• Address Error 

When an instruction is fetched from other than a resident 
ROM, RAM, or an external memory area, the CPU starts the 
same interrupt as op-code error. In the case which the instruc- 
tion is fetched from external memory area and that area is not 
usable, the address error cannot be detected. 

The addresses which cause address error in particular mode 
are shown in Table 14. 

This feature is applicable only to the instruction fetch, not to 
normal read/write of data accessing. 





Table 14 


Address Error 




Mode 





1 


2,4 


5 


6 


7 


Address 


$0000 

1 
$00IF 


$0000 

t 
$001F 


$0000 

1 
$001F 


$0000 

1 
$O07F 
$0200 

1 
SEFFF 


$0000 

1 
$00lF 


$0000 

1 
$007F 
$0100 

l 

SEFFF 



System Flow chart of HD63P01M1 is shown in Fig. 25. 

Transitions among the active mode, sleep mode, standby 
mode and reset are shown in Fig. 26. 

Figures 27, 28, 29 and 30 shows a system configuration. 
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( RESET ) 




Figure 25 HD63P01M1 System Flow Chart 



662 



©►HITACHI 



-HD63P01M1,HD63PA01M1,HD63PB01M1 




Figure 26 Transitions among Active Mode, Standby Mode, 
Steep Mode, and Reset 
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Figure 27 HD63P01M1 MCU Single-Chip Dual Processor Configuration 
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Figure 28 HD63P01M1 MCU Expanded Non-Multiplexed Mode Figure 29 HD63P01M1 MCU Expanded Multiplexed Mode 

(Mode 5) (Modes 2, 4 and 6) 
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Figure 30 HD63P01M1 MCU Expanded Non-Multiplexed Mode (Mode 1) 
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■ PRECAUTION TO THE BOARD DESIGN OF OSCILLA- 
TION CIRCUIT 

As shown in Fig. 31, there is a case that the cross talk dis- 
turbs the normal oscillation if signal lines are put near the 
oscillation circuit. When designing a board, pay attention to 
this . Crystal and Cl must be put as near the HD63P01M1 
as possible. 



WC L 



2 (XTAL) 

3 (EXTAL) 

HD63P01M1 



Do not use this kind of print board design. 

Figure 31 Precaution to the boad design of 
oscillation circuit 
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■ PIN CONDITIONS AT SLEEP AND STANDBY STATE 

• Sleep State 

The conditions of power supply pins (pins 1 and 21), clock 
pins (pins 2 and 3), input pins (pins 4, 5, 6 and 7) and E clock 
pin (pin 40) are the same as those of operation. Refer to Table 
15 for the other pin conditions. Both address (A ~ A, 2 ) and 
chip enable (CE) for the EPROM are in "1" state. 

• Standby State 

Only power supply pins (pins 1 and 21) and STBY pin (pin 7) 
are active. As for the clock pin EXT AL(pin3), its input is fixed 
internally so the MCU is not influenced by the pin conditions. 
XTAL (pin 2) is in "1" output. All the other pins are in high 
impedance. Both address (A ~ A t2 ) and chip enable (CE) for 
the EPROM are in "1" output. 



Table 15 Pin Condition in Sleep Mode 



■-— ~_^^ Mode 
Pin — ^__ 





1 


2,4 


5 


6 


7 


Port 1 


Function 


I/O Port 


Lower Address Bus 


I/O Port 


- 


«- 


- 


Pio~Pn 


Condition 


Keep the condition 
just before sleep 


Output "1" 


Keep the condition 
just before sleep 


- 


«- 


«- 




Function 


I/O Port 


"- 


<- 


«- 


- 


<- 


Pjo ~Pm 


Condition 


Keep the condition 
just before sleep 


- 


- 


- 


- 


«- 


Port 3 

P 3 0~P31 


Function 


E: Lower Address 

Bus 
E: Data Bus 


Data Bus 


E: Lower Address 

Bus 
E: Data Bus 


Data Bus 


E: Lower Address 

Bus 
E: Data Bus 


I/O Port 


Condition 


E: Output "1" 
E: High Impedance 


High Impedance 


E: Output "1" 
E: High Impedance 


High Impedance 


1": Output "1" 

E: High Impedance 


Keep the condition 
just before sleep 




Function 


Upper Address 


- 


- 


Lower Address Bus 
or Input Port 


Upper Address Bus 
or Input Port 


I/O Port 


Port 4 

P40 ~P47 


Condition 


Output "1" 


- 


- 


Address Bus: Out- 
put "1" 

Port: Keep the con- 
dition just before 
sleep 


- 


Keep the condition 
just before sleep 


SC 2 


Output "1" 
(Read Condition) 


- 


- 


- 


- 


Output "1" 


sc, 


Output Address 
Strobe 


- 


- 


Output "1" 


Output Address 
Strobe 


Input Pin 
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Table 16 Pin Condition during RESET 



~~~"~~--^^^ mode 
pin ^~"~~~--»^_^^ 


0, 2, 4, 6 


1 


5 


7 


Portl 


high impedance (input) 








PlO~Pl7 








Port 2 


high impedance (input) 








P20 ~ P24 








Port 3 


E~: "1" output 
E: high impedance 


high impedance 






P30 ~ P37 






Port 4 


high impedance (input) 








P40 ~ P47 








SC2 


"1" output (Read) 








(R/W) 








SCi 


E: "1" output 
E: "0" output 




"1" output 




(AS) 




high impedance (input) 



■ PRECAUTION TO EMULATE THE HD6301V1 BY 
HD63P01M1 

The internal EPROM of the HD63P01M1 provides 8k bytes 
address space located from $E000 through $FFFF. The follow- 
ings should be noted to emulate the HD6301V1 (4k bytes 
internal ROM) with the HD63P01M1 . 
1. Mode 5 (Expanded Non-multiplexed Mode) and Mode 7 

(Single Chip Mode) 

Use 4k bytes of EPROM address space located from $F000 

through $FFFF. 



2. Mode 6 (Expanded Multiplexed Mode) 

Use 4k bytes of EPROM address space located from $F000 
through SFFFF. But do not use 4k bytes from $E000 
through $EFFF because these addresses are internal for the 
HD63P01M1 , while these are external for the HD6301 VI . 

3. Mode 1,2,4 

No need to be careful, since ROM address is external in 
these cases. 



HD63P01M1 



HD6301V1 



$E000 



$FFFF 




$EOO0 




• External Address 



Internal Address 



Figure 32 Address Map of Mode 6 
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■ PRECAUTION TO USE THE EPROM ON-PACKAGE 
8 BIT SINGLE CHIP MICROCOMPUTER 

Please pay attention to the followings, since this MCU has 
special structure with pin socket on the package. 

(1) Don't apply high static voltage or surge voltage over MAX- 
IMUM RATINGS to the socket pins as well as the LSI pins. 
If not, that may cause permanent damage to the device. 

(2) When using 32k EPROM (24 pin), insert it on the mark side 
and let the four above pins open. 



(b) Note that the detergent or coating will not get in the 
socket during flux washing or board coating after 
soldering, because that may cause bad effect on socket 
contact. 

(c) Avoid permanent application of this under the condi- 
tion of vibratory place and system. 

(d) The socket, inserted and pulled repeatedly loses its 
contactability. It is recommended to use new one 
when applied in production. 



c 
c 
c 
c 
c 
c 
c 


,'0 

!P 
6 













< 




0! 


3 






o 
o 



o 




o 
o 
o 
o 
o 
o 

N 


c 

c 
c 

c 
c 
c 




3 
3 


L 

c 
c 
c 
c 
c 
c 


► 3A2 JAPA 
HD63P01 M 


3 

5 

3 



4 Pins (On index side) open. 



24 Pin EPROM should be inserted 
on the mark side with 4 above open. 



(3) When using this in production like mask ROM type single 
chip microcomputer, pay attention to the followings to 
keep the good contact between the EPROM pins and socket 
pins. 

(a) When soldering the LSI on a print circuit board, the 
recommended condition is 

Temperature : lower than 250°C 
Time : within 10 sec. 
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CMOS MCU (Microcomputer Unit) 



-ADVANCE INFORMATION- 



HD63P05Y0 is an 8-bit CMOS single-chip microcomputer 
unit which has 4k bytes or 8k bytes of EPROM on the package. 
It is compatible with the HD6305Y0 except for ROM. The 
HD63P05Y0 can be used to emulate the HD6305X0 or 
HD6305YO for software developmental or it can be used in 
small-scale production. 

■ FEATURES 

• Pin compatible with HD6305X0 and HD6305Y0 

• 256-byte of RAM 

• A total of 55 terminals, including 32 l/O's, 7 inputs and 16 
outputs. 

• Two timers 

— 8-bit timer with a 7-bit prescaler (programmable prescaler; 
event counter) 

— 15-bit timer (commonly used with the SCI clock divider) 

• On-chip serial interface circuit (synchronized with clock) 

• Six interrupts (two external, two timer, one serial and one 
software) 

• Low power dissipation modes — Wait, Stop and Standby 
Mode 

• Minimum instruction cycle time 

HD63P05Y0 1 /is (f = 1 MHz) 

HD63PA05Y0 0.67 /is (f = 1 .5 MHz) 

HD63PB05Y0 0.5 us (f = 2 MHz) 

• Similar to HD6800 instruction set 

• Bit manipulation 

• Bit test and branch 

• Versatile interrupt handling 

• Full set of conditional branches 

• New instructions - STOP, WAIT, DAA 

• Applicable to 4k or 8k bytes of EPROM 
4k bytes; HN482732A 

8k bytes; HN482764, HN27C64 

■ TYPE OF PRODUCTS 



HD63P05Y0, HD63PA05Y0, 
HD63PB05Y0 




(DC-64SP) 



PIN ARRANGEMENT 



Type No. 


Bus Timing 


EPROM Type No. 


HD63P05Y0 


1 MHz 


HN482732A-30, HN482764-3, HN27C64-30 


HD63PA05Y0 


1.5 MHz 


HN482732A-30, HN482764-3, HN27C64-30 


HD63PB05Y0 


2 MHz 


HN482732A-25, HN482764, HN27C64-25 



(Note) EPROM is not attached to the MCU. 
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HD63701 XO 

CMOS MCU (Microcomputer Unit) 



-ADVANCE INFORMATION- 



TheHD63701X0 is an 8-bit CMOS single-chip microcomputer 
which contains a CPU compatible with the HD6301XO, 4k byte 
EPROM, 192 byte RAM, 53 Input/Output lines, a Serial Com- 
munication Interface and 2 Timers. Besides powerful peripheral 
functions, Halt function and Memory Ready function are avail- 
able for Bus interface in expanded mode. 

■ FEATURES 

• Object Code Compatible with the HD6301X0/HD6301 V1 

• Abundant On-Chip Functions; 

4k Byte EPROM, 192 Byte RAM, 53 I/O Lines, 16-bit Timer, 
8-bit Timer, Serial Communication Interface 

• Interrupt — 3 External Lines and 7 Internal Lines 

• MR Input for Use with Slow Memory 

• Halt Function for Direct Memory Access 

• Operation Mode 

Mode 1 - Expanded Mode (On-Chip ROM disable) 
Mode 2 - Expanded Mode (On-Chip ROM enable) 
Mode 3 - Single Chip Mode 

• EPROM Program/Verify Mode 

The same programming specification as standard 2732; 
V P p = 21V±0.5V, tpw = 50 msec. 

• Low Power Consumption Mode; Sleep Mode, Standby Mode 

• Minimum Instruction Cycle Time; 0.5/is (f = 2.0MHz) 



HD63701X0 




(DC-64S) 



PIN ARRANGEMENT 
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■ BLOCK DIAGRAM 
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INTRODUCTION OF 

RELATED 

DEVICES 



8/16-bit Multi-chip Microcomputers 

4-bit Single-chip Microcomputer 

HMCS400 Series 

4-bit Single-chip Microcomputer 

HMCS40 Series 

LCD Driver Series 

IC Memories 

Gate Array 

LSI for Speech Synthesizer System 

CODEC/Filter Combo LSI 



Preliminary data sheets herein contain information on new products. Speci- 
fications and information are subject to change without notice. 

Advance Information data sheets herein contain information on products 
under development. Hitachi reserves the right to change or discontinue these 
products without notice. 
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8/16-BIT MULTI-CHIP MICROCOMPUTERS 



■ 


8-BIT MULTI-CHIP MICROCOMPUTERS 
















LSI Characteristics 


Function 




Division 


Type No. 




Process 


Clock 
Frequency 

(MHz) 


Supply 

Voltage 

(V) 


Operating* * * 
Temperature 

l°C) 


Package' 


Compatibility 






Old Type No. 






H 06803 




NMOS 


1.0 


5.0 


0-+70 


DP -40 


Microprocessor +128 Bytes of RAM 


MC6803 




H 06803-1 




1.25 


MC6803-1 




HD6303R 




CMOS 


1.0 


5.0 


0-+70 


DP -40 
FP-54 
CG-40 


Microprocessor +128 Bytes of RAM 






HD63A03R 




1.5 






HO63B03R 




2.0 






HD6303X* 




CMOS 


1.0 


5.0 


0-+70 


DP-64S 
FP-80 


Microprocessor +192 Bytes of RAM 






HD63A03X* 




1.5 






HD63B03X* 




2.0 






HD6303Y" 




CMOS 


1.0 


5.0 


0-+70 


DP-64S 
FP-64 


Microprocessor +256 Bytes of RAM 






HD63A03Y" 




1.6 






HD63B03Y" 


2.0 






HD6305X2* 




CMOS 


1.0 


5.0 


0-+70 


OP-64S 
FP-64 


Microprocessor +128 Bytes of RAM 






HD63A05X2* 




1.5 






H 063805X2* 




2.0 






HD6305Y2* 




CMOS 


1.0 


5.0 


0-+70 


OP-64S 
FP-64 


Microprocessor +256 Bytes of RAM 






HD63A05Y2* 




1.5 






HD63B05Y2* 




2.0 






HD6800 


HD468000 


NMOS 


1.0 


5.0 


-20 -+75 


DP-40 


Microprocessor 


MC6800 




HD68A00 


HD468A00 


1.5 


MC68A00 




HD68B00 


HD46BB00 


2.0 


MC68B00 




H 06802 


HD46802 


NMOS 


1.0 5.0 


-20-+75 


DP-40 


Microprocessor+Clock+128 Bytes of RAM 


MC6802 




HD6802W 




NMOS 


1.0 | 5.0 


-20 - +75 


DP-40 


Microprocessor+Clock+256 Bvtesof RAM 






HD6809 




NMOS 


1.0 


5.0 


-20 ~ +75 


DP-40 


High-End 8-Bit Microprocessor 


MC6809 




HD68A09 




1.E 


MC68A09 




H 068 809 




2.0 


MC68B09 




HD6309" 




CMOS 


2.0 




-20 -+75 


DP-40 


High-End 8-Bit Microprocessor 






2.5 


5.0 






3.0 






HD6809E 




NMOS 


1.0 


5.0 


-20 -+75 


DP-40 


High-End 8-Bit Microprocessor 
(External Clock Type) 


MC6809E 




HD68A09E 




1.5 


MC68A09E 




HD68B09E 




2.0 


MC68B09E 




HD6309E" 




2.0 


5.0 


-20 -+75 


DP-40 


High-End 8-Bit Microprocessor 
(External Clock Type) 








CMOS 


2.5 






3.0 






PIA 


HD6821 


H 046821 


NMOS 


1.0 


5.0 


-20- +75 


DP-40 


Peripheral Interface Adapter 


MC6821 




H068A21 


HD468A21 


1.5 


MC68A21 




HD68B21 


HD468B21 


2.0 


MC68B21 




HD6321* 




CMOS 


1.0 


5.0 


-20 -+75 


DP-40 
FP-54 


Peripheral Interface Adapter 






HD63A21* 




1.5 






HD63B21* 




2.0 






PTM 


H 06840 




NMOS 


1.0 


5.0 


-20 ~ +75 


DP-28 


Programmable Timer Module 


MC6840 




HD68A40 




1.5 


MC68A40 




HD68B40 




2.0 


MC68B40 




H 06340* 




CMOS 


1.0 


5.0 


-20 - +75 


DP-28 


Programmable Timer Module 






HD63A40* 




1.5 






HD63840* 




2.0 






FOC 


HD6843 


HD46503S 


NMOS 


1.0 


5.0 


0-+75 


OP-40 


Floppy Disk Controller 


MC6843 




H068A43 


HD46503S-1 


1.5 






DMAC 


HD6844 


HD46504 


NMOS 


1.0 


5.0 


-20 -+75 


DP-40 


Direct Memory Access Controller 


MC6844 




H068A44 


HD46504-1 


1.5 


MC68A44 




HD68B44 


H 046504-2 


2.0 


MC68B44 




CRTC 


H 06845 


HO46505R 


NMOS 


1.0 


5.0 


-20 - +75 


DP-40 


CRT Controller 

(3.0MHz High-speed Display) 


MC6845 




H068A45 


HO46505R-1 


1.5 


MC68A45 




HD68B45 


HD46505R-2 


2.0 


MC68B45 


CA 


H06845S 


HD46505S 


NMOS 


1.0 


5.0 


-20 ~ +75 


DP-40 


CRT Controller 

(3.7MHz High-speed Display) 




d 


HD68A45S 


HD46505S-1 


1.5 




a. 


HD68B45S 


HD46505S-2 


2.0 




COMBO 


H06846 


H 046846 


NMOS 


1.0 


5.0 


-20 ~ +75 


DP-40 


Combination ROM I/O Timer 


MC6846 


„• 


ACIA 


H 06850 


HD46850 


NMOS 


1.0 

1.5 


5.0 


-20 -+75 


DP-24 


Asynchronous Communications 
Interface Adapter 


MC6850 




HD68A50 


HD468A50 


MC68A50 




HD6350 




CMOS 


1.0 


5.0 


-20 - +75 


DP-24 


Asynchronous Communications 
Interface Adapter 






HD63A50 




1.5 






HD63B50 




2.0 






SSDA 


H 08852 


H 046852 


NMOS 


1.0 


5.0 


-20 - +75 


DP-24 


Synchronous Serial Data Adapter 


MC6852 




HD68A52 


H0468A52 


1.5 


MC68A52 




AOU 


HD46608 




NMOS 


1.0 


5.0 


-20 ~ +75 


DP-40 


Anelog Data Acquisition Unit 






H D46508-1 




1.5 






H 046508 A 




1.0 






HD46508A-1 




1.5 






RTC 


HD146818 




CMOS 


1.0 


5.0 


0-+70 


DP-24 
FP-24 


Real Time Clock Plus RAM 


MC146818 




H06318" 




CMOS 


1.0 


5.0 


-20- +75 


DP-24 


Real Time Clock Plus RAM 






HD63A18** 




1.5 





* Preliminary *• Under development **• Wide Tempereture Range (-40 - +85°C) version is available, 
t OP; Plastic DIP, FP; Plastic Flat Package, CG : Glass-sealed Ceramic Leadless Chip Cerrier 
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8/16-BIT MULTI-CHIP MICROCOMPUTERS- 



1 6-BIT MULTI-CHIP MICROCOMPUTERS 







Type No. 


LSI Characteristics 


Function 




Division 


Process 


Clock 

Frequency 

(MHz) 


Supply 

Voltage 

(V) 


Operating 

Temperature 

<°C) 


t 
Package 


Compatibility 




HD68000-4 


NMOS 


4 


5.0 


0~+70 


DC-64 


Microprocessor 


MC68000L4 




HD68000-6 


6 


MC68000L6 




HD68000-8 


8 


MC68000L8 




HD68000-10 


10 


MC68000L10 




HD68000-12 


12.5 


MC68000L12 




HD68000Y4 


4 


PGA-68 


MC68000R4 




HD68000Y6 


6 


MC68000R6 


MPU 


HD68000Y8 


8 


MC68000R8 




HD68000Y10 


10 


MC68000R10 




HD68000Y12 


12.5 


MC68000R12 




HD68000Z4* 


4 


CG-68* 


MC68000Z4 




HD68000Z6* 


6 


MC68000Z6 




HD68000Z8* 


8 


MC68000Z8 




HD68000Z10* 


10 


MC68000Z10 




HD68000Z12* 


12.5 


MC68000Z12 




DMAC 


HD68450-4 


NMOS 


4 


5.0 


0~+70 


DC-64 


Direct Memory 
Access Controller 


MC68450L4 




HD68450-6 


6 


MC68450L6 




HD68450-8 


8 


MC68450L8 




HD68450-10* 


10 


MC68450L10 




HD68450-12** 


12.5 


_ 




HD68450Y4 


4 


PGA-68* 


_ 


CO 

_! 


HD68450Y6 


6 


_ 


2 


HD68450Y8 


8 


_ 


JZ 
0. 


HD68450Y10* 


10 


- 


« 


HD68450Y12" 


12.5 


_ 




HDC 


HD63463-4*» 


CMOS 


4 


5.0 


-20 ~ +75 


DC-48 


Hard Disk Controller 


_ 




HD63463-6** 


6 


- 




HD63463-8** 


8 


- 




ACRTC 


HD63484-4** 


CMOS 


4 


5.0 


-20- +75 


DC-64 


Advanced CRT Controller 


- 




HD63484-6** 


6 


- 




HD63484-8** 


8 


- 



* Preliminary ** Under development 



t DC; Ceramic DIP, PGA; Pin Grid Array, 

CG; Glass-sealed Ceramic Leadless Chip Carrier 
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4-BIT SINGLE-CHIP MICROCOMPUTER HMCS400 SERIES 



The new CMOS 4-bit HMCS400 microcomputer series is 
designed to satisfy the growing need for microcomputer 
systems with large program capacity and for advanced applica- 
tions. The HMCS400 series strengthens the proven capabilities 
of the HMCS40 series, offering advanced software productive 
architecture, enhanced peripheral functions, and high speed 
instruction execution. 

■ FEATURES 

• Architecturally Compatible with the HMCS40 Series for Con- 
venient Replacement 

• One Cycle per Instruction Execution Utilizing 10-bit per 
Instruction 

• Powerful ROM and RAM Addressing Capability 



1 6 Subroutine Stack Levels 

98 Instructions Including Logic Arithmetic and BCD Arith- 
metic Operating Instructions, and Pattern Generating 
Instruction 

Five Interrupt Levels (External: 2, Time/Counter: 2, Serial 
Interface: 1) 

8-bit Serial Interface (Clock Synchronous Type) 
Two Timer/Counters: 8-bit Free Running Timer and 8-bit 
Reload Timer/Event Counter 
58 I/O Lines (26 High Voltage 40V I/O Lines) 
High Speed Instruction Execution: 2/isat V C c 5V, High Speed 
Version (1 .3 us) Available 
EPROM-on-Package Type Available for System Emulation 



■ HMCS400 SERIES PRODUCT CHARACTERISTICS 



Family Name 


HMCS404CL* 


HMCS404C* 


HMCS404AC* 


» 


Process Technology 


CMOS 


CMOS 


CMOS 


s 


Supply Voltage (V) 


2.5 ~ 6.0 


4-6 


4.5 ~5. 5 


s 


Power Dissipation (n.ax.) (mW) 


9 


18 


27 


n 


Max. I/O Terminal Voltage (V) 


V C C -40 


V C C ~4° 


V C C "40 


O 


Operating Temperature Range l°CI 


-20 ~ +75 


-20 ~ +75 


-20 ~ +75 




Package 


FP-64, DP-64S 


FP-64, DP-64S 


FP-64, DP-64S 




Memory 


ROM (bits) 


4096 x 10 


4096 x 10 


4096 x 10 




RAM (bits) 


256x4 


256x4 


256x4 




Registers 


7 


7 


7 




Subroutine Stack Levels 


16 


16 


16 




I/O Ports 


4-Bit Input 


58 


4x1 
2x1 


58 


4x 1 
2x 1 


58 


4x 1 
2x1 




4-Bit Output 


4x4 


4x4 


4x4 


c 
o 


4-Bit Input/Output 


4x5 


4x5 


4x5 


o 

c 


1-Bit Input/Output 


1 x 16 


1 x 16 


1 x16 


3 

u. 


Interrupts 


External 


2 


2 


2 




Timer/Counter 


2 


2 


2 




Serial Interface 


1 


1 


1 




Instruction 


Number of Instructions 


99 


99 


99 




Cycle Time (ms) 


4 


2 


1.33 




Clock Pulse Generator 


Built-in (External drive is possible) 




Others 


Power Saving Mode (Stop mode. Stand-by mode) 


EPROM on the Package Type 


HD614P080S* 



•Preliminary 
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4-BIT SINGLE-CHIP MICROCOMPUTER HMCS40 SERIES 



The HMCS40 Series are high performance, low cost 4-Bit 

Single-Chip Microcomputers designed for dedicated applications. 

The HMCS40 Series Instruction Set provides convenient chip 

FEATURES 

• Full Line-Up: CMOS 

2 ~ 4k Words ROM 
160 -256 Words RAM 
32 ~ 44 I/O Lines 

• All Instructions (except Pattern Generation Instruction) 
are Single cycle. 

• Pattern Generation Instruction (Table Reference Capability). 

• Powerful Interrupt Function. 



selection and system expansion. 

LCD-HI/ IV are LCD driver on chip microcomputers designed 
for applications which need an LCD display device. 

• 3 Interrupt Sources -f 2 External Interrupt Line 

M Timer/Counter 

• Low Power Dissipation (2mW): CMOS. 

• Low Operating Voltage Version (3V): CMOS. 

• Built-in Clock Pulse Generator (Resistor or Ceramic Filter). 

• Built-in Power-on Reset Circuitry. 

• I/O Options (User Selectable at Each Pin). 

CMOS: Pull up Resistor/Open Drain/CMOS Output 

• Built-in LCD drive circuit: LCD-III/IV. 



■ HMCS40 SERIES PRODUCT CHARACTERISTICS 



Family Name 
(Type Name) 


HMCS44CL 
(HD44808) 
HMCS44C 
(HD44800) 


HMCS45CL 
(HD44828) 
HMCS45C 
(HD44820) 


HMCS46CL 
(HD44848) 
HMCS46C 
(HD44840) 


HMCS47CL 
(HD44868) 
HMCS47C 
(HD44860) 


LCD-Ill * 3 
(HD44795, 
HD44790) 


LCD-IV * 3 
(HD6 13900) 


8 


Process Technology 


CMOS 


CMOS 


CMOS 


CMOS 


CMOS 


CMOS 


.2 


Supply Voltage (V CC ) (V) 


3/5 


3/5 


3/5 


3/5 


3/5 


3/5 


S 


Power Dissipation (Typ.) (mW) 


0.32/2 


0.32/2 


0.32/4 


0.32/4 


0.36/2.4 


0.9/5.0 


CO 


Max. I/O Terminal Voltage (V) 


Vcc + 0.3 


V C C +0.3 


V C C + 0.3 


V C C + 0.3 


V C C + 0.3 


V C C + 0.3 


CJ 


Operating Temperature Range *' (°C) 


-20 ~ +75 


-20~+75 


-20 ~ +75 


-20 ~ +75 


-20 ~ +75 


-20 ~ +75 


_l 


Package 


DP-42, DP-42S 


FP-54, DP-64S 


DP-42, DP-42S 


FP-54, DP-64S 


FP-80 


FP-80 




Memory 


ROM (bits) 


2.048 x 10 
128 x 10* 2 


2,048 x 10 
128x 10* 2 


4,096 x 10 


4,096 x 10 


2,048 x 10 
128 x 10*' 


4,096x10 




RAM (bits) 


160x4 


160x4 


256x4 


256x4 


160x4 


256x4 




Registers 


8 


6 


8 


6 


6 


6 




Stack Registers 


4 


4 


4 


4 


4 


4 




I/O Ports 


4-Bit Data Input 


32 


- 


44 


- 


32 


- 


44 


- 


32 


4x 1 


32 


4x 1 




Discrete Input 


- 


- 


- 


- 


- 


- 




4-Bit Data Output 


- 


4x 1 


- 


4x 1 


4x 1 


4x 1 


c 


Discrete Output 


- 


- 


_ 


- 


- 


- 


u 


4-Bit Data Input/Output 


4x4 


4x6 


4x4 


4x6 


4x2 


4x2 


3 


Discrete Input/Output 


1 x 16 


1 x 16 


1 x 16 


1 x 16 


1 x 16 


1 x16 




Interrupts 


External 


2 


2 


2 


2 


2 


2 




Timer/Counter 


1 


1 


1 


1 


1 


1 




Instruc- 
tions 


Number of Instructions 


71 


71 


71 


71 


71 


71 




Cycle Time (ms) 


20/10 


20/10 


20/5 


20/5 


20/10 


20/5 




Built-in Clock Pulse Generator 






Power on Reset 


No/Yes 


No/Yes 


No/Yes 


No/Yes 


Yes 


No 




Battery Back-up 


Halt 


Halt 


Halt 


Halt 


Halt 


Halt 


Evaluation Chip 


HD44850E 
HD44857E 


HD44850E 
HD44857E 


HD44857E 


HD44857E 


HD44797E 


HD44797E 



•1 Wide Temperature Range (-40 • 
*2 Pattern Memory 



' +85° C) version is available. 



*3 LCD DRIVE FUNCTION 



LCD 
Drive 


Common 


4 


Segment 


32 


Duty 


Static, 1/2, 1/3, 1/4 


Bias 


1/2,1/3 


Display Capability 


4x32 Matrix (1/4 Duty) 
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Expandable using the LCD Driver HD44100H. 



LCD DRIVER SERIES 



■ LCD DRIVER SERIES CHARACTERISTICS 



Type 


General 


Segment Display 




8 


Type Number 


HD44100H 


HD61100 


HD61602 


HD61603 


HD44780 
(LCDII) 




•S 


Process 


CMOS 


CMOS 


CMOS 


CMOS 


CMOS 




g 


Supply Voltage (V) 


5" 


5" 


3-5" 


3-5*' 


5" 




X 


Operating Temperature (°C) 


-20 ~ +75 


-20 ~ +75 


-20 ~ +75 


-20 ~ +75 


-2Q ~ +75* 2 






Package 


FP-60 


FP-100 


FP-80 


FP-80 


FP-80 




_l 


Power Dissipation ImWI 


5.0 


5.0 


0.5 (5V) 


0.5 (5V) 


1.75 






Memory 


ROM (bits) 


- 


- 


- 


- 


720O 

ICG)*' 






RAM (bits) 


- 


- 


51 x 4 


64x 1 


80 x 8/64 
x8(CG)* 3 






I/O 


Interface (CPU) 


8 


8 


14 


10 


11 






Interface (Driver IC) 


2 


2 


- 


- 


4 




c 




1 nterface 

(External ROM, RAM) 


- 


- 


- 


- 


- 




c 

3 


Number of Instruction 


- 


- 


4 


4 


11 






LCD Driver 


Common 


40 


80 


4 


1 


16 






Segment 


51 


64 


40 






Duty 


Free (N) 


Free (N) 


Static. 1/2, 
1/3, 1/4 


Static 


1/8, 1/11, 
1/16 






Display Capability 


Nx40 

Matrix 
(1/N Duty) 


Nx80 

Matrix 
(1/N Duty) 


204 

Segment 
(1/4 Duty) 


64 Segment 


16 Digits 
(5 x7 Dots 
1/16 Duty) 




Comment 


SR type 


SR type 






Expandable 
to 80 Digits 
using 
HD44100H 





Except Power Supply for LCD. 

-40~ +85°C (Special Request). Please contact Hitachi Agents. 

CG; Character Generator. 
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-LCD DRIVER SERIES 



Character Display 


Graphic Display 


HD44101H 


HD43160AH 


HD44102CH 


HD44103CH 


HD44105H 


HD61830 


HD61102 


HD61103 


CMOS 


CMOS 


CMOS 


CMOS 


CMOS 


CMOS 


CMOS 


CMOS 


5" 


5" 


5" 


5" 


5" 


5*' 


5"' 


5*' 


-20 ~ +75 


-20 ~ +75 


-20 ~ +75 


-20 ~ +75 


-20 ~ +75 


-20 ~ +75 


-20 ~ +75 


-20 ~ +75 


FP-80 


FP-54 


FP-80 


FP-60 


FP-60 


FP-60 


FP-100 


FP-100 


1.75 


10.0 


2.5 


4.0 


4.0 


30.0 


3.0 


5.0 


6720 

<CG>" 


6240 

(CG) #3 


- 


- 


- 


7360 

(CG)' 3 


- 


- 


32x8 


80x8 


200x8 


- 


- 


(external 
65536 x 8) 


512x8 


- 


12 


21 


21 


6 


6 


13 


21 


6 


4 


5 


- 


5 


5 


9 


- 


5 


- 


18 


- 


- 


- 


33 


- 


- 


8 


6 


6 


- 


- 


12 


7 


- 


15 


- 


- 


20 


32 


- 


- 


64 


40 


- 


50 


- 


- 


- 


64 


- 


1/7.1/14 


1/8,1/12, 
1C16 


1/8,1/12,1/16, 
1/24,1/32 


1/8,1/12,1/16, 
1/24,1/32 


1/8,1/12,1/16,1/24, 
1/32, 1/48, 1/64 


Static, 
1/1 ~ 1/128 


~ 1/64 


1/48,1/64 
1/96, 1/128 


16 Digits 
(5x7 Dots 
1/14 Duty) 


- 


32x50 
Dots 
(1/32 Duty) 


- 


- 


- 


64x64 

Dots 
(1/64 duty) 


- 


Expandable 
to 32 Digits 
using 
HD44100H 


Display to 
80 Digits 
using 
HD44100H 


Segment 
Driver 


Common 
Driver 


Common 
Driver 


Display to 
524288 
Dots using 
HD44100H 


Segment 
Driver 


Common 
Driver 
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IC MEMORIES 



MOS RAM 



Mode 


Total 
Bit 


Type No. 


Process 


Organiza- 
tion 
(word x bit) 


Access 

Time 

(ns) max 


Cycle 

Time 

(ns) min 


Supply 

Voltage 

(V) 


Power 

Dissipation 

(W) 


Package t 


Pin No. 


CG 


G 




FP 


SP 




16k-bit 


HM6116-2 


CMOS 


2048 x 8 


120 


120 


+5 


0.W0.2 


24 


• 












HM6116-3 


150 


150 


0.1m/0.18 


• 












HM6116-4 


200 


200 


• 












HM6116L-2 


120 


120 


20/UA/0.18 














HM6116L-3 


150 


150 


20/uA/0.16 














HM6116L-4 


200 


200 














HM6116A-12 


120 


120 


0.1m/15m 














HM6116A-15 


150 


150 














HM6116A-20 


200 


200 














HM6116AL-12 


120 


120 


5/u/10m 














HM6116AL-15 


150 


150 














HM6116AL-20 


200 


200 














HM6117-3 - 


150 


150 


0.1m/0.2 








* 






HM6117-4 


200 


200 








• 






HM6117L-3 


150 


150 


10///0.18 








• 






HM6117L-4 


200 


200 








• 






HM6168H-45 


4096 x 4 


45 


45 


0.1m/0.25 


20 




• 








Static 


HM6168H-55 


55 


55 




• 








HM6168H-70 


70 


70 




• 










HM6168HL-45 


45 


45 


5/U/0.25 














HM6168HI-55 


55 


55 














HM6168HL-70 


70 


70 


5m/0.25 














HM6167 


16384 x 1 


70 


70 


0.1m/0.15 


20 




• 










HM6 167-6 


85 


85 




• 










HM6 167-8 


100 


100 




• 










HM6167L 


70 


70 


5M/0.15 














HM6167L-6 


85 


85 














HM6167L-8 


100 


100 














HM6167H-45 


45 


45 


0.1m/0.2 


• 


• 










HM6167H-55 


55 


55 


• 


• 










HM6167HL-45 


45 


45 


5m/0.2 














HM6167HL-55 


55 


55 














HM6267-35 


35 


35 


0.1m/0.25 














HM6267-45 


45 


45 














64k-bit 


HM6264-10 


8192 x8 


100 


100 


0.1m/0.2 


28 














HM6264-12 


120 


120 








• 






HM6264-15 


150 


150 








• 






HM6264L-10 


100 


100 


1 0n/0 .2 














HM6264L-12 


120 


120 








• 






HM6264L-15 


150 


150 








• 





(Continued) 
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Mode 


Total 
Bit 


Type No. 


Process 


Organiza- 
tion 
(word x bit) 


Access 

Time 

(ns) max 


Cycle 

Time 

(ns) min 


Supply 

Voltage 

(V) 


Power 

Dissipation 

(W) 


Package t 


Pin No. 


CG 


G 




FP 


SP 




64k-bit 


HM48416A-12 


NMOS 


16384 x 4 


120 


230 


+5 


20m/0.3 


18 














HM48416A-15 


150 


260 














HM48416A-20 


200 


330 














HM4864-2 


65536 x 1 


150 


270 


20m/0.33 


16 














HM4864-3 


200 


335 














HM4864A-12 


120 


220 


20m/0.25 


• 












HM4864A-15 


150 


260 


• 










Dynamic 


HM4864A-20 


200 


330 


• 












256k-bit 


HM50256-12 


262144 x 1 


120 


220 


20m/0.35 














HM50256-15 


150 


260 














HM50256-20 


200 


330 














HM50257-12 


120 


220 


20m/0.35 














HM50257-15 


150 


260 














HM50257-20 


200 


330 













A HM61 16LP/LFP Series : 10 »VJ 

t The package codes of CG, G, P, FP and SP are applied to the package materials as follows. 
CG: Glass-sealed Ceramic Leadless Chip Carrier, G: Cerdip, P: Plastic DIP, FP: Plastic Flat Package (SOP), SP: Skinny Type Plastic DIP 



MOS ROM 





Total 
Bit 


Type No. 


Process 


Organization 
(word x bit) 


Access 

Time 

(ns) max 


Supply 

Voltage 

(V) 


Power 

Dissipation 

(W) 


Package t 




Pin No. 


C 


G 




FP 




64k-bit 


HN61364 


CMOS 


8192x8 


250 


+5 


5»i/50m 


28 








• 




HN61365 


250 


24 












HN61366 


250 










Mask 


128k-bit 


HN613128 


16384x8 


250 


5*i/50m 


28 








• 




256k-bit 


HN61256 


32768x8 or 
65536 x 4 


3500 


5M/7.5m 








• 










• 




HN613256 


32768 x 8 


250 


5M/50m 






• 






1M-bit 


HN62301 * 


131072x8 


350 


2m/75m 






32k-bit 


HN482732A-20 


NMOS 


4096 x 8 


200 


+5 


0.18/0.8 


24 












HN482732A-25 


250 












HN482732A-30 


300 












64k-bit 


HN482764 


8192x8 


250 


0.18/0.55 


28 












HN482764-2 


200 










U.V. Erasable 
& Electrically 


HN482764-3 


300 










HN27C64-15 


CMOS 


150 


0.55m/0.17 










HN27C64-20 


200 












HN27C64-25 


250 












HN27C64-30 


300 












128k-bit 


HN4827128-25 


NMOS 


16384x8 


250 


0.18/0.53 












HN4827 128-30 


300 












HN4827 128-45 


450 












256k-bit 


HN 27256-20 


32768 x 8 


200 


0.22/0.55 












HN 27256-25 


250 












HN27256-30 


300 










On Time 


64k-bit 


HN482764-3 


NMOS 


8192x8 


300 


+5 


0.18/0.55 


28 










Electrically 


128k-bit 


HN4827 128-30* 


16348x8 


300 


0.18/0.53 










Electrically 
Erasable & 
Programmable 


64k-bit 


HN58064-25 


NMOS 


8192x8 


250 


+5 


0.22/0.55 


28 










HN58064-30 


300 










HN58064-45 


450 











* Preliminary 

t The package codes of C, G, P 

C: Side-brazed Ceramic DIP, G: 



and FP are applied to the package material as follows. 
Cerdip, P: Plastic DIP, FP: Plastic Flat Package 
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■ BIPOLAR RAM 





Total 
Bit 


Type No. 


Organization 
(word x bit) 


Output 


Access 

Time 

(ns) max 


Supply 

Voltage 

(V) 


Power 

Dissipation 

(mW/bit) 


Package t 




Pin No. 


F 


G 


P 


CC 




256 


HM10414 


256 x 1 


Open 
Emitter 


10 


-5.2 


2.8 


16 












HM10414-1 


8 












1k 


HM2110 


1024 x 1 


35 


0.5 












HM2110-1 


25 












HM2112 


10 


0.8 












HM2112-1 


8 












HM10422 


256x4 


10 


0.8 


24 


• 










HM1 0422-7 


7 


1.0 


• 










4k 


HM10470 


4096 x 1 


25 


0.2 


18 










ECL 


HM1 0470-1 


15 










10k 


HM1 0470-25 


25 










HM2142 


10 


0.3 


20 












HM10474 


1024x4 


25 


0.2 


24 












HM 10474-8* 


8 


0.3 












HM10474-10* 


10 












16k 


HM10480 


16384 x 1 


25 


0.05 


20 


• 










HM1 0480-1 5* 


15 


0.06 












HM 10480-20* 


20 












HM 10484-1 5* 


4096 x 4 


15 


0.06 


28 












HM1 0484-20* 


20 












1k 


HM100415 


1024 x 1 


10 


-4.5 


0.6 


16 








■ • 




HM1 00422 


256x4 


10 


0.8 


24 


• 






• 




4k 


HM1 00470 


4096 x 1 


25 


0.2 


18 










ECL 


HM1 00474 


1024x4 


25 


0.2 


24 


• 








100k 


16k 


HM1 00480 


16384 x 1 


25 


0.05 


20 


• 










HM100480-15* 


15 


0.06 












HM1 00480-20* 


20 












HM100484-15* 


4096 x 4 


15 


0.06 


28 






* 






HM1 00484-20* 


20 











* Under development 

t The package codes of F, G, P and CC are applied to the package materials as follows. 
F: Flat Package, G: Cerdip, P: Plastic DIP, CC: Ceramic Leadless Chip Carrier. 
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CMOS Gate Array HD61J/HD61K/HP61L/HD61MM Series 

■ FEATURES 

• Fast operation ' 
Internal gate (2-input NAND, FO=3, AL=3mm) . . 3.5ns typ 

Input buffer (FO=3, AL =. 3mm) 9ns typ 

Output buffer (C u =50pF) 20ns typ < 

Memory access time (HD61MM) 60ns typ 

• Low power dissipation < 
At 10MHz operation (Internal gate) 130juW/gate typ 

• Abundant input and output configuration 

Allocation of all pins except power supply pins to input/ < 

output/input-output 

Output can be CMOS/open drain/3-state 



Memory on-chip (HD61MM) 

Flexibility of memory capacity and word organization 

Selection of single port/dual port memory 

Wide operation temperature range 

-20 to +75° C 

Wide package selection 

Especially plastic packages with high pin 

count DILP64/FPP100 

Powerful design support 

User-Defined-Macro 

Test pattern evaluation with fault simulator 

Design support at local Design Center 

Quick turn around time and reasonable development cost 



■ LINE UP 





HD61J 


HD61K 


HD61L 


HD61MM* 


Gate count 


504 


1080 


1584 


2496 


I/O pin count 


50 


68 


68 


104 


RAM on chip 


— 


— 


— 


available 




DP28 


O 


O 


O 


- 




DP42 


o 


o 


o 


- 




DP64 


- 


o 


o 


O 




FP54 


o 


- 


- 


- 




FP80 


— 


o 


o 


— 


Package 


FP100 


— 


— 


— 


o* 




DC28 


o 


o 


o 


o 




DC40 


o 


o 


o 


o 




PGA72 


_ 


_ 


o 


_ 




PGA 120 


- 


— 


- 


o* 


Power supply pin 


4 


4 8* 



• Preliminary 



Bi CMOS Gate Array HD27K/HD27L/HD27P/HD27Q Series 

■ FEATURES 

* High speed with super low power dissipation • 

• Internal gate: 4.0ns (Fan out=3) 

@0.05mW • 

• Input buffer: 5.0ns (Fan out=3) 

@2.6mW 

• Output buffer: 8.0ns (Cl=15pF) • 

@2.6mW 

• LSTTL compatible input/output 

• Selectable totem-pole/3-state/open collector output • 

• l L = 8mA: Capable of driving 20 LS TTL's 



Output buffer can construct logic functions. 

• Saves gate stages. 

A variety of macrocell library 

• Internal gate: 44 

• Output buffer: 9 

A variety of reliable package 
•Plastic DIP 16 to 64 pins 

• Plastic FP 60 to 100 pins (under development) 
A variety of DA system support 

• Only logic diagrams and test patterns needed as an interface 
with the user. 

Short development time 
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Number of gates 


Number 

of V cc 

and GND 

pins 


Package 




Internal gate 
(2-inputNAND) 


Input 
buffer 


Output 
buffer 


DIP 
(Plastic) 


FP* 
(Plastic) 


HD27K 


200 


18 


18 


2 


16,20,28, 
42 pins 


- 


HD27L 


528 


30 


30 


4 


28, 42, 64 

pins 


60, 80 pins 


HD27P 


966 


40 


40 


4 


28, 42, 64 

pins 


60,80,100 

pins 


HD27Q 


1530 


50 


50 


4 


28, 42, 64 
pins 


60,80,100 

pins 



'Under development 
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PMOS 3-chip System 

■ OUTLINE OF BASIC DEVICE 



Type name 


Function 


Explanation of function 


Outline 


HD38880B 


Speech 
synthesizer 


Synthesizes speech by reading out a prescribed characteristic parameter 
from the ROM chip according to the command from the microcomputer. 


DC-28 
DP-28 


HD38884P 


128k-bit 
ROM 


Analyzes the speech which should be synthesized in advance and stores the 
extracted characteristic parameter. 


DP-28 


HD38882P 


EPROM 
interface 


Capable of 1M-bit connection when using EPROM. 


DP-42 


HMCS40* 
Series 


Controller 


Performs overall control to synthesize special speech under suitable 
conditions. 


• 



*See 4-bit microcomputer item. 

System Features 

High speech quality 

Since a PARCOR system is employed and the bit rate can be 

taken up to 2400~9600 bits/sec, excellent tone quality is 

made possible. 

Synthesizing woman's voice 

In addition to a man's voice, synthesizing woman's voice is 

possible with the adoption of the vocal tract loss effect. 

Variation of speaking speed 

Speech can be spoken slowly or rapidly by microcomputer 

control. 

Vocalization with accurate scale 

By producing voice pitch through external synchronization, 

accurately scaled singing is possible. 



Long-period voice capacity 

A maximum of 1 6 ROMs can be connected without an inter- 
face circuit. Vocal sound of 5O~1O0 seconds (2400 bit/sec) 
can be synthesized with 1 ROM. 
Speaker direct drive 

The speaker is directly driven by the built-in D/A converter and 
speaker driving circuit. Excellent tone quality and power is 
possible by providing an external D/A converter and speaker 
driving circuit utilizing the digital output. 



BASIC SYSTEM COMPOSITION EXAMPLES 



• Case of using mask ROM 



HMCS40 Series 
(Controller) 



If 



j3l 



, J Willi . 



H0388S4 

(128k bit ROM) 

x 16max 



4 



Ml 



D/A I 

4Mt 



• Case of using EPROM 



-» VALID 
-a» «DATA 



l°l r— 



HO38880 
(Synthesizer) 
•DATA 



to? 



« < < ' 



U 




H038882 

/EPROM 1 
\ Interface j 



4>4 
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LSI FOR SPEECH SYNTHESIZER SYSTEM- 
• SYSTEM SPECIFICATIONS 



Item 


Content 


System 


PARCOR system 


Voice channel model 




Voice source model 


Voiceless sound . . . White noise 


Sampling frequency 


8 kHz 


Bit rate (b/s) 


2400 


4800 


9600 


Frame period (ms) 


20 


10/20 


10 


Variable speaking speed 


Variation of frame period is possible from -30% to +60% by 1 0% steps. 


Pitch 


Integral times of 1 25 jus/External synchronization Selectable 


Speaking time 


50~100 sec/ROM (2400 b/s) 



CMOS 1-chip System 



■ OUTLINE OF BASIC DEVICE 



Type No. 


Function 


Explanation of function 


Outline 


HD61885 


Speech 
Synthesizer 


Synthesizes speech by reading out a prescribed characteristic parame- 
ter from the internal or external ROM according to the command 
from the microcomputer or key switch. 


DP-28 


HD61887 


FP-54 


(HD44881) 


128k-bit ROM 


(Expanding ROM) 

Performs overall control to synthesize special speech under suitable 

conditions. 


DP-28 



■ SYSTEM FEATURES 

• 1-chip system 

Including synthesizer, 32k-bit ROM and interface circuit. 

• High speech quality 

Since a PARCOR system is employed and the bit rate can be 
taken to 1 250~9900 bit/sec, excellent tone quality is possible. 



Long-period voice capacity 

A maximum 1 6 ROMs can be connected without an interface 
circuit. Vocal sound of 50~100 seconds can be synthesized 
with 1 ROM. 
Low power dissipation (Standby mode) 



■ SYSTEM SPECIFICATIONS 



Item 


Content 


System 


PARCOR system 


Voice channel model 


10th stage digital filter 


Sampling frequency 


10 kHz 


Bit rate (b/s) 


1,250 ~ 9,900 


Frame period (ms) 


10/20 


Variable speaking speed 


-25%, 0, +25% 


Speaking time 


10 ~ 20 sec (internal ROM) 


Supply Voltage 


5V single (3.6 ~ 5.5V operation) 
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BASIC SYSTEM COMPOSITION EXAMPLES 



• Key Input 



v cc Ceramic 

«jk -L HUh Oscillator 



SFRM ( Svnth«i»r > 
BUSD \ +32kbil ROM , 



r- H-Htil - ti 



-cX 



A- < 
S < 



H044881 
<t28k-WtROMx16maxl 



' ' 1 



• Code Input 




Vcc 



MODE RST 



j£l_ 



HD6188S OAO 



-o-m 



-3EBHEEE 



• Microcomputer Control 



HMCS40 Serial 



& 



v C c 

T 

MODE RST 



dao — O — H] 



HITACHI 
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CODEC/FILTER COMBO LSI 



■ LINE UP 





Type No. 


Comp. 
Law 


Power 

Dissipation 

(mW) 


CR 
Filter 


Voltage 
Reference 


Clock 


Signaling 




Series 


Internal 
Clock 


Sync./ 
Async. 


PCM Bit 
Clock Required 


Package 


HD44210 


H044211A 


A 


150 


- 


- 


External 
128kHzreq. 


Both 


64 ~ 2048kHz 


- 


DC-24 


HD44212A 


M 


HD44220 


HD44222 


M 


40 


- 


External 


PLL 


Both 


64 ~ 2048kHz 


Decoder Shift 


DC- 16 




HD44231B 


A 


60 


O 


o 


Divider 


Sync. 


1536/1544/2048kHz 


- 






HD44232B 


f 






HD44233B 


A 


Both 




HD44230 


HD44234B 


M 




H 044235 


A 


50 


o 


o 


PLL 


Sync. 


64 ~ 2048kHz 


- 






HD44236 


H 


Decoder Shift 






HD44237 


A 


Both 


- 






HD44238 


H 


Decoder Shift 


DG-16 




HD44231C 


A 


60 


o 


o 


Divider 


Sync. 


1536/1544/2048kHz 


- 






HD44232C 


M 






HD44233C 


A 


Both 




HD44230C 


HD44234C 


M 




HD44235C 


A 


PLL 


Sync. 


64 ~ 2048kHz 


- 






HD44236C 


M 


Decoder Shift 






HD44237C 


A 


Both 


- 






HD44238C 


M 


Decoder Shift 




HD44240C 


HD44240C 


H 


60 


o 


o 


PLL 


Both 


64 ~ 2048kHz 


A/B Data I/O 


DG-20 



A-law ; Europe & International Telephone. 
M-law ; U.S.A., Canada & Japan 
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HITACHI AMERICA, LTD. 

SEMICONDUCTOR AND IC SALES & SERVICE DIVISION 



HEADQUARTERS 

Hitachi, Ltd. 

Nippon Bldg., 6-2, 2-chome 

Ohtemachi, Chiyoda-ku, Tokyo, 100, Japan 

Tel: 212-1111 

Telex: J22395, J22432 



U.S. SALES OFFICE 

Hitachi America, Ltd. 

Semiconductor and IC Sales & Service Division 

1800 Bering Drive 

San Jose, CA 95112 

Tel: 408/292-6404 

Telex: 17-1581 

Twx: 910-338-2103 

Fax: 408-2922133 

Fax: 408-2949618 



REGIONAL OFFICES 



DISTRICT OFFICES 



NORTHEAST REGION 

Hitachi America, Ltd. 
5 Burlington Woods Dr. 
Burlington, MA 01803 
617/229-2150 

SOUTHERN REGION 

Hitachi America, Ltd. 

Two Lincoln Centre, Suite 865 

5420 LBJ Freeway 

Dallas, TX 75240 

214/991-4510 

NORTH CENTRAL REGION 

Hitachi America, Ltd. 
500 Park Blvd., Suite 415 
Itasca, IL 60143 
312/773-4864 

NORTHWEST REGION 

Hitachi America, Ltd. 

2099 Gateway Place, Suite 550 

San Jose, CA 95110 

408/277-0712 

SOUTHWEST REGION 

Hitachi America, Ltd. 
Warner Center Plaza One 
21600 Oxnard St., Suite 600 
Woodland Hills, CA 91367 
818/704-6500 



• Hitachi America, Ltd. 
1700 Galloping Hill Rd. 
Kenilworth, NJ 07033 
201/245-6400 

• Hitachi America, Ltd. 

3500 W. 80th Street, Suite 175 
Bloomington, MN 55431 
612/831-0408 

• Hitachi America, Ltd. 

80 Washington St., Suite 101 
Poughkeepsie, NY 12601 
914/485-3400 

• Hitachi America, Ltd. 

1 Parkland Blvd., #1222E 
Dearborn, Ml 48126 
313/271-4410 

• Hitachi America, Ltd. 
6200 Savoy Dr., Suite 850 
Houston, TX 77036 
713/974-0534 

• Hitachi America, Ltd. 

5775 Peachtree Dunwoody Rd. 
Suite 270-C 
Atlanta, GA 30342 
404/843-3445 

• Hitachi America, Ltd. 
4901 N.W. 17th Way 

Fort Lauderdale, FL 33309 
305/491-6154 

• Hitachi America, Ltd. 

18004 Skypark Circle, Suite 200 
Irvine, CA 92714 
714/261-9034 
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Hitachi America, Ltd 

Semiconductor and IC Sales and Service Division 

1800 Bering Drive, San Jose, CA 95112 

1-408-292-6404 
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